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RONALD EVERETT BARRY, JR.
University of New Hampshire, 1978
A two phase study was conducted, designed to: 1) identify the
major physical features of the habitat which Peromyscus leucopus 
noveboracensis uses in short-range orientation and navigation, and to 
which it is responsive in the process of habitat selection; 2) isolate 
specific sensory cues, associated with such features (objects), to 
which P^  1_. noveboracensis is responsive.
A field study was conducted in which animals were trapped and 
features identified in the immediate habitat where traps were placed.
A laboratory study was also conducted in which alternative, artificial 
enclosures (habitats), differing only in a single cue, or by degree 
for a single cue or stimulus, were simultaneously available to the 
subjects, and preferences were noted. Wild-reared and first generation 
lab-reared jP. leucopus noveboracensis were used in order to gauge the 
effects of early experience.
Landmarks utilized for refugia and short-range navigational aids 
were: large diameter trees, logs (fallen branches, fallen trees and
logs), rocks, stone fences and rock piles. In one population, logs were 
particularly important in the distribution of mice within the preferred 
macrohabitat, and as navigational cues. High concentrations of woody
ix
stems, logs and rocks were avoided to some extent; such behavior is 
discussed with reference to predation, inter- and intraspecific competi­
tion. Habitat preferences and associated behaviors differed between mice 
in two adjacent areas separated by railroad tracks and a dirt road; 
these differences were discussed with relation to differences between 
the two sampling areas in arboreal food supply, competition, predation 
pressure, and possible genetic differences between the mice.
Vision was shown to be important in habitat orientation and 
navigation, at least under higher natural nocturnal light intensities. 
Wild-reared mice preferred a light intensity (0.020 ft.-candle) 
equivalent to that of the full moon at zenith, on a clear night in an 
open field, to one ten times less intense. Peromyscus leucopus may 
have oriented to the light source in this experiment, and, thus, may 
do so to the moon in the wild. At 0.020 ft.-candle wild-reared mice 
oriented visually to horizontal cues in the laboratory, and this partially 
explains their orientation to logs and rocks in the wild.
In the absence of visual cues, orientation by olfaction was 
shown to occur. Lab-reared mice demonstrated an olfactory preference 
for grass over leaf litter. In the dark, both wild- and lab-reared mice 
chose a hickory log over a rock. Visual and olfactory preferences were 
discussed with relation to heredity and early experience.
Habitat preference and associated behavioral responses were 
extremely variable, presumably influenced by early experience, and were 
discussed in terms of genetic variability.
x
1INTRODUCTION
The white-footed (wood) mouse, Peromyscus leucopus noveboracensis 
(Fischer), is found in the northeastern United States and southeastern 
Canada, ranging from Maine through southern Quebec and Ontario through 
Minnesota, south through eastern Nebraska and Kansas, and east through 
Illinois, Indiana, Kentucky, West Virginia and Virginia to the Atlantic 
(Osgood, 1909; Hamilton, 1943; Hall and Kelson, 1959). This species is 
primarily associated with deciduous woodland or shrubby habitats (Dice, 
1922; Johnson, 1926; Townsend, 1935; Blair, 1940, 1948; Burt, 1940;
Brand, 1955; Layne, 1958; Getz, 1959a; Brown, 1964; Peterson, 1966;
Smith and Speller, 1970; Shure, 1970; Choate, 1973; Kaufman and Fleharty, 
1974). However, it is not limited to wooded areas. Johnson (1926) 
caught mice in cornfields adjacent to woods in Illinois, and Enders 
(1930) in Ohio, in equal numbers, in woods, brush and fence rows.
Townsend (1935) occasionally captured them in meadows in New York.
Blair (1948) noted that, despite their preference for the oak-hickory 
association in Michigan, wood mice occurred in a blue-grass field which 
was bounded on two sides by an oak-hickory forest. Howard (1949) 
found many using nest boxes in Michigan fields while Pruitt (1959) 
found them to be ubiquitous on the George Reserve in Michigan, though 
more abundant in forested areas. Meierotto (1967) found them in 
Minnesota grassland, and Krull and Bryant (1972) in grass in Illinois.
Within wooded areas the wood mouse nests in tree hollows, 
stumps, among tree roots, and under rocks and old logs (Osgood, 1909; 
Wood, 1910; Burt, 1940; Brand, 1955; Jackson, 1961). Hamilton and Cook
2(1940) noted a tendency for Peromyscus to nest in tree sites. Nicholson
(1941) noted a definite preference by the wood mouse for elevated nest 
sites in tree nest boxes, as did Taylor and McCarley (1963) for elevated 
sites in Oklahoma.
There remains some question as to the importance of certain plant 
species to Peromyscus. Dice (1931) held that the actual species of 
trees available were of little consequence to habitat selection by deer 
mice, and Kaufman and Fleharty (1974), working with P^. leucopus, contend 
that the life form of vegetation rather than the presence or absence of 
certain plant species may be more limiting to mammalian distribution. 
M'Closkey and Lajoie (1975) found no clear association between the 
density of P_. leucopus and the successional stage of the plant community. 
However, Hatfield (1938) claimed that there was some correlation between 
the numbers of wood mice caught and the species of plants present.
Wetzel (1958) found high numbers where nut-bearing trees had invaded.
In New York, Klein (1960) trapped the wood mouse most frequently in oak- 
chestnut associations. Although mice were also associated with sugar 
maple and beech, they avoided sites with plants of the hemlock-white 
pine-northern hardwoods association. Meierotto (1967) found a significant 
correlation between the subspecies noveboracensis and the shrub Amelanchier 
humilis (low Juneberry) in Minnesota. Wilson (1968) found evidence for 
animal/plant associations in his work with some southwestern species of 
Peromyscus while Stormer (1968) found significant associations between 
j\ leucopus and red and white oaks in Pennsylvania. M'Closkey (1975) 
found P. leucopus associated with staghorn sumac (Rhus typhina) and river- 
bank grape (Vitis riparia) in Ontario.
A voluminous amount of data exists on habitat preference in 
relation to physical components of the habitat for P_. leucopus. Brand 
(1955) found that, for spring, summer and fall, the relative abundance 
and relative activity of P_. _1. noveboracensis was related to tree 
density. Only for the fall was there a relation to the density of tree 
stumps. There was greater relative abundance with greater density of 
shrubs, but no relationship between mouse abundance or activity and the 
density of brush piles. In general, wood mice were more abundant and 
more active in habitats containing many trees and/or shrubs. Wetzel 
(1958) and Getz (1961) found dense populations where fallen logs, 
stumps and hollow trees had accumulated. Bendell (1961) and Sheppe 
(1965b, 1966a, 1966b) noted an affinity for habitats with much broken 
rock cover for wood mice inhabiting forested lake islands in Ontario.
Sheppe (1966a) found P^. _1. noveboracensis most often in areas with abundant 
logs and broken rock. M'Closkey (1975) found a positive association 
between the quantity of low angle (equal to or less than 30 degrees) 
stems in an area and the utilization rate by ]?. leucopus in Ontario.
When fallen branch counts were combined with branches at low angles, a 
significant correlation was found. Thus, the use of local forest was 
greatly enhanced by the presence of fallen branches. In summary, there 
is much qualitative evidence for the notion that P_. leucopus prefers 
wooded areas with many trees and much broken rock and log cover (debris).
The following accounts suggest that the amount of light may be a 
major factor in determining activity, and, perhaps, choice of habitat.
While Peromyscus is nocturnal (Johnson, 1926); Svihla, 1932; Behney,
1936; Burt, 1940; Getz, 1959b), members of this genus appear to be most
3A voluminous amount of data exists on habitat preference in 
relation to physical components of the habitat for leucopus. Brand 
(1955) found that, for spring, summer and fall, the relative abundance 
and relative activity of P_. JL. noveboracensis was related to tree 
density. Only for the fall was there a relation to the density of tree 
stumps. There was greater relative abundance with greater density of 
shrubs, but no relationship between mouse abundance or activity and the 
density of brush piles. In general, wood mice were more abundant and 
more active in habitats containing many trees and/or shrubs. Wetzel 
(1958) and Getz (1961) found dense populations where fallen logs, 
stumps and hollow trees had accumulated. Bendell (1961) and Sheppe 
(1965b, 1966a, 1966b) noted an affinity for habitats with much broken 
rock cover for wood mice inhabiting forested lake islands in Ontario.
Sheppe (1966a) found ]?. JL. noveboracensis most often in areas with abundant 
logs and broken rock. M'Closkey (1975) found a positive association 
between the quantity of low angle (equal to or less than 30 degrees) 
stems in an area and the utilization rate by 1?. leucopus in Ontario.
When fallen branch counts were combined with branches at low angles, a 
significant correlation was found. Thus, the use of local forest was 
greatly enhanced by the presence of fallen branches. In summary, there 
is much qualitative evidence for the notion that ]?. leucopus prefers 
wooded areas with many trees and much broken rock and log cover (debris).
The following accounts suggest that the amount of light may be a 
major factor in determining activity, and, perhaps, choice of habitat.
While Peromyscus is nocturnal (Johnson, 1926; Svihla, 1932; Behney,
1936; Burt, 1940;-Getz, 1959b), members of this genus appear to be most
4active during relatively light portions of the night. Svihla and 
Burt suggested an activity peak around dusk. Behney, utilizing an out­
door activity apparatus, discovered a peak in exploratory activity at 
about one hour after sunset. Observing P_. maniculatus and P. crinitus, 
Kavanau (1967) found that middle to late dusk and early dawn had a great 
activity-stimulating effect. Harris (1952) has shown that, for two 
subspecies of ]?. maniculatus, preference for an "appropriate" simulated 
habitat is enhanced as light intensity is decreased from 0.01 ft.-candle 
to 0.004 ft.-candle.
Peromyscus has been shown to be sensitive to different light 
intensities in a number of studies. King and Weisman (1966) demon­
strated the readiness with which several species could learn a light- 
off, light-on discrimination. Blair (1943) discovered a response to 
variation in the intensity of light in P^. maniculatus blandus. For the 
oldfield mouse, P_. polionotus, the most potent factor affecting activity 
is the amount of illumination in the environment (Blair, 1951). These 
mice are very active on dark nights and much less active on clear nights 
during full moonlight. Pruitt (1959) claimed that moonlight was the 
most important factor governing small mammal activity on the George 
Reserve in Michigan. The cotton mouse (P^. gossypinus) showed inhibited 
movement on clear moonlit nights (Griffo, 1961). When released, it 
tended to remain in shadows at the release point. In contrast, Orr (1959) 
felt that it was doubtful that light level was a causative factor in 
the fluctuation of activity levels of the wood mouse. In his study, bright 
moonlit nights did not inhibit activity in an outdoor enclosure, and 
trapping results supported this finding. Brant and Kavanau (1965) found
5the canyon mouse (P. crinitus Stephens!) to be aversive to dark mazes. 
Likewise, Kavanau (1967) found that active V_. maniculatus and P_. crinitus 
tended to avoid a dark maze and suggested that dim light was preferred 
to darkness. Marten (1973) indicated a possible positive effect of 
moonlight on the activity of jP. truei.
Cover is important to mice in regulating the amount of light 
which penetrates to the home site or area of activity. Smith and 
Speller (1970) suggested that canopy cover acted to scatter light which 
increased camouflaging. While Brand (1955) found no relation between 
crown or herbaceous cover and the relative abundance and activity of 
wood mice, Linduska (1950) found a good correlation between the density 
of ground cover and the number of captures. M'Closkey and Lajoie (1975) 
indicated that the density of P^. leucopus is correlated with the density 
of vegetation below 7.6 cm (height) and not correlated with that above 
7.6 cm. Although grassland had the highest proportion of vegetation 
below 7.6 cm of any of their study plots, wood mice were not abundant 
in this habitat as would have been expected on the basis of the corre­
lation with low ground cover. The density of the vegetation in grass­
lands appeared to be too great for this species. In addition, the 
structural makeup of the cover may have been important.
There are numerous accounts of successful long-range (extra­
home- range) homing for a number of small mammals, including, for 
Peromyscus: Murie and Murie, 1931; Kendeigh, 1944; Stickel, 1949;
Griffo, 1961; Murie, 1963; Gentry, 1964; Rawson, 1966; Bovet, 1968, 1971; 
Savidge, 1973; Furrer, 1973; Cooke and Terman, 1975, 1977. Accompanying 
these accounts has been a great deal of confusion and speculation as to
6the nature of the mechanisms responsible for these successes. Barlow 
(1964) has suggested a role for the vestibular apparatus in animal 
orientation. Robinson and Falls (1965) discovered no preferential 
orientation to the home direction in homing studies on Microtus pennsyl- 
vanicus. Mueller (1966) found no mechanism sufficient to explain the 
homing success of Myotis bats. Fisler (1967) found no relationship 
between the homing success and initial orientation for Microtus 
califomicus and Reithrodontomys megalotis. Feniuk and Popova (1940) 
revealed a "compass" sense of direction regarding the home site in 
homing experiments with Microtus socialis, M. arvalis, Mus muscuius and 
Cricetulus migratorius. Bovet (1962) postulated a directional sense in 
the homing behaviors of Apodemus flavicollis, A. sylvaticus and 
Clethrionomys glareolus and gave evidence for initial homeward orienta­
tion in deer mice (P. maniculatus) released in the absence of visual 
stimuli (1971). Rawson (1966) found a statistically significant homeward 
orientation upon release of Peromyscus maniculatus rufinus, suggesting that 
such mice possess goal-directed orientation. Fluharty, et^  al. (1976) 
were able to provide evidence for sun-cued orientation, mediated by a 
biological clock, in female M. pennsylvanicus.
Short-range, or home-range, orientation and navigation may be 
distinctly different processes from the homeward orientation exhibited in 
homing experiments. While orientation in long-distance homing appears to 
involve a directional sense, celestial cue utilization (stars, sun or moon), 
or other subtle sensory involvement, selection of the habitat and movements 
within the home range are generally suggested to be the result of responses 
to distinct features of a familiar area mediated by one, or a combination, 
of the primary senses (i.e., vision, olfaction, touch, hearing). Blair
7(1940) indicated that the wood mouse knew the terrain well on the way 
to a hole or other refuge, after release. He acknowledged the use of 
trails. Burt (1940) believed that P. leucopus was familiar with every 
part of its territory. Animals released within familiar territory 
located definite trails, indicating a knowledge of their whereabouts.
Blair (1951) concluded that, upon release, resident ]?. polionotus 
appeared well oriented within their home ranges and moved with little 
hesitation to a hole, while transients and immigrants seldom knew their 
way directly to a hole. He noted trails between holes, and leading to 
food plants. Horner (1954) stated that, when pursued, !P. 1 . noveboracensis 
tended to proceed directly from one landmark to another without pausing 
along the way. Brand (1955) watched wood mice traverse paths from the 
release points to burrow entrances in a matter of seconds, noting that 
generally the path was indirect and often among fallen trees, hanging 
vines and fallen branches. Such mice seemed to be well aware of the 
location of burrows, finding them by means other than random search.
The cotton mouse (P_. gossypinus) reacted similarly when released in 
familiar areas (Griffo, 1961). In this study, the results indicated 
that the mice retain, for some time, a memory of terrain which is even 
outside the home range but has been previously encountered. In winter, 
movements of P^. leucopus appear largely restricted to well-defined trails 
and travel areas along conspicuous landmarks such as logs and brush piles 
(Beer, 1961).
Harris (1952) found that two subspecies of ]?. maniculatus were 
able to select their respective appropriate artificial habitats (those 
corresponding to Aatural ones) without the aid of either visual stimuli
8or tactile stimulation of the vibrissae. Bourliere (1956) and Fisler 
(1967) have suggested roles for both vision and olfaction in movements 
of small mammals over short distances in familiar areas. Riley and 
Rosenzweig (1957) suggested echolocation as a possible orientational 
mechanism for rats. Calhoun's (1963) work with the Norway rat led him 
to suggest, as a primary modality, visual orientation to vertical objects 
(ex., trees). Sheppe (1965b, 1965c) presented evidence for visual 
orientation in the wood mouse. Mice released in water swam towards shore 
when they were released close enough to see visual cues (such as tree 
tops) associated with the shore. The twilight sun and the moon may be 
useful as visual references in the navigation of Peromyscus (Kavanau,
1967, 1968). In these investigations, Kavanau revealed strong tendencies 
of the mice to orient relative to light sources and features of artificial 
enclosures, suggesting that the moon, twilight sun and near and distant 
landmarks are used as navigational references in natural situations. In 
a laboratory study, Joslin (1971) provided evidence for visual orientation 
in P. leucopus. While he found vertical objects to be important orienta­
tional cues, in contrast to Kavanau's work with ]?. maniculatus and 1?. 
crinitus, he reported evidence suggesting that the moon is not used for 
orientation by leucopus. In addition to these findings, his results 
suggest secondary orientation to horizontal cues, which, in turn, might 
extrapolate to orientation to logs and fallen branches, trees, tree 
trunks, etc. in natural situations. King (1974) concluded that orientation 
about the home range by Peromyscus is achieved chiefly by vision.
While the consensus indicates vision as the primary sensory 
modality in habitat orientation and navigation, it is simplistic to
9exclude a role for other senses in these processes, at least under 
different sets of circumstances. Shillito (1963) argued for the role 
of all the senses in exploration in Microtus agrestis. Vinch and 
Dunning (1972) found that hamsters can use acoustic, tactile or olfactory 
cues to orient in the dark. Durup, et al. (1973) suggested a possible 
role for acoustic stimuli (ex., road noises) as orientational references 
for Clethrionomys glareolus.
Neither the question of which senses are used in habitat 
orientation and navigation, nor what object-associated sensory stimuli 
in the preferred habitats of small mammals are utilized have often been 
considered. Harris (1952) was not able to determine which characteristics 
of objects were responsible for possible responses to these objects by 
deer mice. Wetzel (1958) proposed the possibility of a "psychological 
preference" in jP. leucopus for habitats with trees, but did not elaborate 
further. Griffo (1961) similarly postulated a "psychic attachment" to 
the home area for ]?. gossypinus, but suggested no mechanism for the 
development of this phenomenon. Sheppe (1961) suggested a set of "innate" 
reactions (both positive and negative) by Peromyscus to features of the 
environment without specifying these features, and Shillito (1963) gave 
an indication of features which may be of importance to M. agrestis. 
Apparently, dark-colored objects and objects under physical cover are 
readily approached by this vole. Calhoun (1963) identified the verticality 
of objects as important in orientation by the Norway rat, and Joslin 
(1971) indicated verticality and horizontality as object-related cues in 
orientation by ]?. leucopus.
Olfactory stimuli could conceivably play a role in the movements 
of rodents, much as they do in anurans (Ferguson, 1967). Howard and
10
Cole (1967) showed that olfactory stimuli were responsible for the 
attraction of P_. maniculatus to seeds. King (1968) stated that 
recognition of the home site and landmarks in the home range are 
probably aided by olfaction. Durup, et al. (1973) suggested airborne 
odors, released by vegetation, as olfactory cues important in orienta­
tion in Clethrionomys glareolus. Schultz and Tapp (1973) succeeded in 
using novel odors to direct the exploratory behavior of several rodents.
Consideration should be given to the capabilities of the various 
sensory apparatuses to operate under certain conditions. Waugh (1910) 
showed that laboratory mice (Hus) could visually discriminate objects 
by color. Moody (1929), in the first work on the vision of Peromyscus,
demonstrated the remarkable ability of mice of this genus to discriminate 
between small differences in light intensity at very low light intensity 
levels. Using an optokinetic response, Rahmann, at al. (1968) were 
able to test the visual acuity of several species of Peromyscus. For 
P_. maniculatus gracilis, a woodland occupant sympatric in some areas with 
P_. 1^. noveboracensis, visual acuity was noticeably better at brighter 
light levels, with discrimination to a visual angle of 33' from a distance 
of 7 cm. Vestal (1970) found the visual acuity of P_. 1_. noveboracensis
to exceed 14' of arc at 40 cm distance regardless of the light intensity
within the range of 4.3 to 861.1 lux (0.4 to 80 ft.-candles). At a
distance of 20 cm, the visual acuity of P. leucopus was found to be 14' 
in red light (Vestal and Hill, 1972), and 4.1 + 0.6' in white light (King 
and Vestal, 1974). In the latter study, a visual angle of 3.6 + 0.7' at 
40 cm for P_. m. gracilis was discovered, indicating rather acute vision for 
this species and, perhaps, the genus at relatively great distances.
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This is the greatest distance at which visual acuity has been studied 
for Peromyscus.
There is sparse information on the sensitivity of the senses of 
olfaction, hearing and touch for Peromyscus. Townsend (1935) concluded, 
from studies of bait "perception" (discrimination), that smell was not 
well developed in this genus. Sheppe (1966c), however, suggested that 
Peromyscus had a keen sense of smell. Howard and Cole (1967) observed 
the detection of seeds by olfactory cues by £. maniculatus. Ralls 
(1967) was able to demonstrate a high sensitivity to high frequency sounds 
in young V_. leucopus, similar to that of the little brown bat, Myotis 
lucifugus. While Harris (1952) eliminated touch mediated through the 
vibrissae as a mechanism in habitat selection in .P. m. bairdii and 
]?. m. gracilis, Horner (1954) found that semiarboreal Peromyscus often 
tended to "whisker" branches before stepping onto them. In addition, 
she observed that the tail was utilized as a tactile organ in climbing.
As can be seen from the studies described above, the relative 
importance of the senses in orientation and navigation is yet to be 
resolved for any small mammalian species. Vision has received the most 
attention, perhaps because it is easiest to study and quantify. However, 
Calhoun (1963) concluded that the order of dominance of the sensory 
modalities of rats in determining spatial orientation is: tactile,
visual, kinesthetic, olfactory.
To this point, habitat preferences for Peromyscus have been 
examined in terms of vegetational form (ex., grassland, forest), land­
marks, cover, light intensity and so on. It has been implied that, within 
its range, the wood mouse prefers wooded areas with an abundance of stumps,
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logs, rocks and other debris. Yet, there have been few quantitative 
measures of associations between the wood mouse and features of its 
preferred habitat. The bases for secondary habitat, or shelter-site, 
selection (the choice of a specific site within the preferred habitat 
as defined by Olsen, 1970, 1973) remain confusing. The cues or 
landmarks used as references for navigation within the home range, and 
the sensory modalities used in these processes, have not been adequately 
demonstrated. Pruitt (1953) called for the explanation of local dis­
tribution and habitat selection of small mammals on the basis of 
physical factors of the environment. Sheppe (1966b) stated that little 
of the nature and pattern of use of parts of the ranges had been 
revealed for .P. leucopus. Sanderson (1966) called for the analysis of 
individual factors on mammal movements and behavior, stating that it 
would be helpful to study the activity of an individual animal in an 
environmental chamber by varying one or more factors at a time.
Klopfer (1969) proposed the following three-point attack on the problem 
of determining the character of the environment as perceived by any 
particular organism: first, direct neurophysiological or physiological
investigation of sensory abilities; second, the measurement of overt 
preferences in artificial, simplified environments in which but a single 
environmental factor, or a small number of potentially interactive 
factors, is varied at a time; third, the establishment of sets of 
correlations between the presence of the particular species and character­
istics of the environment. Guided by the suggestions of these authors,
I have conducted a two phase study designed to: 1) identify the major
physical features, of the habitat which P. 1. noveboracensis uses in short-
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range orientation and navigation, and to which it is responsive in the 
process of habitat selection; 2) isolate specific sensory cues, 
associated with such features (objects), to which IP. JL. noveboracensis 
is responsive. To achieve the first objective, in part, I have 
conducted a field study (phase 1) in which animals were trapped, and 
features identified in the immediate habitat where traps were placed. 
Trapping results appear to be reliable indication of habitat exploitation. 
Evans (1942) stated that "a cumulative record of all captures at all 
trap locations . . . can then be translated into terms of habitat 
occupation." Bendell (1961) indicated that trapping success is assumed 
to reflect how frequently mice occur in the area, and Bock (1972) has 
suggested that the frequency of capture in a given habitat indicates the 
degree of exploitation of this habitat.
The second, or laboratory, phase of the study addressed both of 
the above objectives. By the use of alternative, artificial enclosures 
(habitats), differing only in a single cue, or by degree for a single 
cue or stimulus, preferences for specific cues were revealed. From 
the information obtained by this twofold approach it should be possible 
to achieve, at least in part, the two objectives.
Whether habitat selection in Peromyscus is innate, a result of 
early experience, or the result of an interaction between these two 
factors, has been the subject of concern for several investigators. On 
the basis of preferences shown by deer mice for artificial habitats 
simulating several different natural conditions, Harris (1952) concluded 
that habitat selection by Peromyscus was basically genetic in nature. 
Wecker (1963, 1964) demonstrated that the selection of a field habitat
by P_. m. bairdll relied on an innate response which was reinforceable 
by early field experience but not reversible by early experience in a 
woodland environment. Joslin (1971) concluded that of three possible 
factors - prior exposure, early experience, genetic control - accounting 
for the preference of visual cues by I?, leucopus, genetic control is, 
by far, the most important. I have used both wild-reared (wild-caught) 
and first generation lab-reared mice in the laboratory phase of this 
study. Differences between these two groups in preferences for various 
cues should reflect the role of early experience in the processes of 




The study was made at East Foss Farm in Strafford County, 
Durham, New Hampshire on University-owned property. The area (Fig. 1) 
is hounded on the north and east by paved town roads, Mill Road and 
Foss Farm Road (which changes to gravel after about one-quarter mile), 
on the west by Woodridge Road, and on the south by a field. The 
study area is divided North-South by the Boston and Maine Railroad 
tracks and bed. Just to the west of the railroad bed lies a gravel 
access road which runs North-South connecting northern and southern 
portions of the property. Sampling areas were in the northern portion 
of Foss Farm, one to the west of the railway and access road, and a 
second to the east.
The study site was chosen for the following reasons: 
accessibility, relative absence of potential competitors, and relative 
abundance of wood mice.
Field Procedure
Live-trapping transects were laid out in west and east sampling 
areas of the study site (Fig. 1). MacLulich (1951) suggested that a 
line of traps is more efficient than a grid because it invades more 
home ranges. In the west area, a transect running North-South, and 
another running East-West, were laid out. Each was 184 m long and 
consisted of 24 Sherman live-traps (5.5 x 6.5 x 17.0 cm) positioned 
regularly at 8 m intervals. The transects intersected at a point 
approximately 82 m from the eastern extreme of the East-West transect 
and 25 m from the northern extreme of the North-South transect. Traps
16
Straight lines indicate trapping transects 









Fig. 1. The study site, Durham, New Hampshire.
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were set out June 7, 1976, retrieved September 17, and were open for 
a total of 3552 trap-nights, or 74 trap-nights per station.
In the east area, transects were constructed as follows: a
North-South transect ran for 88 m, along which there were 12 traps 
regularly positioned at 8 m intervals. The North-South transect 
continued, after a 73 m interruption where there was a grassy clearing 
about 35 m wide surrounding a water tower, for another 88 m along which 
there were another 12 traps similarly spaced. An East-West transect 
ran for 152 m, along which 20 traps were regularly positioned at 8 m 
intervals. An additional 4 traps were placed along a short accessory 
East-West transect, 18 m north of the traps at the eastern extreme 
of the major East-West transect as the major transect approached a 
residence. There were 48 trap stations in all in the east sampling area. 
The two major transects did not intersect, but approached within 6 m 
at their northern and western extremes, respectively. Six traps at the 
southern end of the North-South transect were situated in an ephemeral 
stream and became submerged on August 9: they were removed for the
remainder of the study and the capture data were not included in this 
study. Eight of the remaining traps were situated in a clearing.
Since this area was not recognized as preferred habitat, data from 
these traps were not analyzed. This left 34 traps from which data were 
obtained. The traps were set out July 20, 1976 and retrieved September 
17, and were open for a total of 1598 trap-nights, or 47 trap-nights 
per station.
The following procedures were carried out for both west and east 
sampling areas of the study site. Beginning with the first trap (at
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either end) in a transect, succeeding traps were positioned so that 
their doors faced in compass directions as follows: north, east, south,
west, north, east and so on. In this scheme, traps #1, 5, 9 ...
and so on would face north, # 2, 6, 10 ... east, #3, 7, 11 ... south, and
# 4, 8, 12 ... west. In the west area there were 12 traps for each
direction. In the east area there were 10 traps facing north and only 
eight each facing east, south and west, from which data were collected.
The type of cover which lay directly over the trap was recorded 
for each trap location and was categorized as either canopy, understory, 
ground or none. Canopy cover consisted of the uppermost layer of leaves
in the area; understory cover consisted of any cover below the canopy and
above 1 m from the substrate; ground cover was cover below a height of 1 m 
above the substrate.
If a trap was situated on a moderate or steep slope, this was 
recorded, along with the direction the slope faced. "Slope" or "no 
slope" conditions were determined arbitrarily.
The closest major landmark to a trap, its height, diameter, 
length and width, and its distance and major direction from the trap 
were recorded for each trap station. To be considered a major landmark 
a tree or some similar primarily vertical object had to be 1 cm or more 
in diameter and 10 cm or more in height; at least 1 cm in diameter and 
10 cm in length if a log, fallen branch, or other similarly horizontally 
situated linear object; or have at least one dimension of at least 10 cm 
if a rock or some similar irregular object. These criteria were purely 
arbitrary. For the last category of objects, greatest height, width 
and length were recorded. The diameters of trees were measured just
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above root swell, and the diameters of logs and fallen branches (and 
other similar landmarks) were measured at the point nearest the trap.
A circular area (trap station) defined by a 2 m radius was 
circumscribed around each trap. Within this circle associated major 
landmarks (other than the nearest landmark) were noted. In this case, 
trees and other such vertical landmarks were required to have a diameter 
above root swell of at least 3.0 cm, as was the case for the diameter 
of logs, fallen branches and similar objects.
Within each trap station, the number of stems, number of logs, 
number of rocks, and number of stumps were recorded. Basal tree and 
stump circumference was determined, assuming that trunks were round 
and the diameter used to determine circumference was that immediately 
above root swell. Basal rock perimeter was calculated, assuming that 
rocks were roughly rectangular at their bases. The stone fence contri­
bution to basal rock perimeter at any station containing a stone fence 
was calculated as twice the width of the fence plus the height plus 4 
meters (to conform to the diameter of the station) as regions along 
which mice might seek refuge. The rock pile contribution to basal rock 
perimeter at any station containing a portion of a rock pile was 
arbitrarily considered to be 4 meters (to conform to the diameter of the 
station); rock piles were characteristically flat with very few potential 
refugia along the vertical axis, as is the case for stone fences. Total 
log diameter was determined by summing the diameters of all logs within 
the trap station.
The above seven factors from each station, and a variety (11) of 
interactions, were entered into multiple and stepwise regression analyses 
with captures per trap-night as the dependent variable. Pearson product-
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moment correlations between captures per trap-night and each of these 
seven factors were also derived. In addition, associations between 
jP. JL. noveboracensis and logs, rocks, logs and rocks combined, types of 
cover, and the various species of trees (within trap stations) were 
analyzed by chi-square tests of association (or independence).
Additional chi-square analyses were used to discover threshold values, 
for various landmark-associated stimuli, which attract or repel mice.
Additional features associated with each trap station, or the 
immediately surrounding area, were also noted. Abundant herbaceous 
vegetation was recorded, and young trees or shrubs too small to be 
defined as major landmarks were noted when present in considerable 
density. Unusual features of the substrate were also noted.
If not more often required, traps were baited weekly, all on the 
same day, with peanut butter. They were checked from 7 - 1 0  A.M. each 
morning. Early in the study, late afternoon checks had proved fruitless 
and were subsequently abandoned. Captured P_. leucopus were marked by 
toe- and ear-clipping, their sex and, if female, reproductive condition 
(lactating, nonlactating, gravid, nongravid) noted. Age (juvenile, 
subadult, adult) was recorded by examination of the pelage, according to 
the classification of Osgood (1909). Each animal was then released 
at the trap location with its head facing the direction the door of the 
trap had faced. The escape route, both within and beyond the trap station, 
was noted in terms of the landmarks encountered, peculiarities of land­
mark/behavior associations (ex., climbing a tree), and the ultimate 
point of escape or disappearance. Mice were not pursued as they escaped 
in order that their orientation or routes would not be altered.
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Sky conditions and moon phase were recorded in general terms 
for the evenings of each capture. Sky conditions were clear, cloudy, 
partly cloudy, and cloudy with rain. Moon phases were taken from The 
Old Farmer's Almanac.
Features of the Field Study Area
The topography of the west sampling area is irregular, with a 
number of gradual and moderate slopes and accompanying low spots found 
along the basically level substrate. The elevation above sea level 
ranges from about 80 to 100 feet for both west and east sampling areas.
Table 1 indicates the woody vegetation within trapping stations 
of the west area. The sample, while not random, gives a representative 
view of the woody vegetation. One hundred-sixty erect stems (dead and 
alive) were encountered among the trap stations and identified (four 
dead snags could not be identified). The woody vegetation is dominated 
by red maple (Acer rubrum). Other major woody species are black birch 
(Betula lenta), hop hornbeam (Ostrya virginiana), beech (Fagus grandifolia), 
blue beech (Carpinus caroliniana), and white pine (Pinus strobus). Canopy 
cover is extensive, with few open areas. Each trap was under the canopy. 
Understory trees covered 28 of the 48 traps. Important understory species 
are hop hornbeam, blue beech and witch hazel (Hamamelis virginiana). 
Herbaceous ground cover is sparse for most of the area. Only five of 
48 traps were covered by vegetation below a height of one meter. However, 
there are scattered areas of concentrations of maple-leafed viburnum 
(Viburnum acerifolium), arrowwood (Viburnum dentatum), poison-ivy 
(Toxicodendron radicans), and wild sarsaparilla (Aralia nudicaulis).
There were few stumps (13 among the 48 trap stations), but an abundance
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Table 1. Composition of trap stations by species of trees 




Acer rubrum (red maple) 44 28
Betula lenta (black birch) 20 13
Ostrya virginiana (hop hornbeam) 18 12
Fagus grandifolia (American beech) 17 11
Carpinus caroliniana (blue beech) 14 9
Pinus strobus (white pine) 11 7
Hamamelis virginiana (witch-hazel) 6 4
Quercus rubra (red oak) 6 4
Carya ovata (shagbark hickory) 5 3
Quercus velutina (black oak) 5 3
Quercus alba (white oak) 4 3
Fraxinus americana (white ash) 2 1
Tsuga canadensis (eastern hemlock) 2 1
Betula papyrifera (paper birch) 1 1
Populus tremuloides (quaking aspen) 1 __1
156 101
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of ground cover in the form of rocks and logs. There was a mean of 
1.54 outcropped rocks per trap station, or 74 in all. There was a mean 
of 1.46 logs per trap station, or 70 in all. In addition to the features 
indicated above, several dirt mounds (apparently the result of large 
trees being uprooted), a rock pile at the eastern extreme of the East- 
West transect, and two stone fences occurred in the west sampling area. 
Stations # 1 and 2, at the southern extreme of the North-South transect, 
were situated in a hemlock grove.
The topography of the east sampling area is similar to that of 
the west area. In contrast to the west site, wooded portions of the 
east area contain decidedly more red oaks (about 22 percent of the 139 
woody stems counted) and white pines (17 percent), and fewer red maples 
(15 percent) (Table 2). Other important species are black birch, shagbark 
hickory (Carya ovata) and large-toothed aspen (Populus grandidentata).
This area contains a clearing about 30 m wide for electric utility poles 
and lines. Along the North-South transect vegetation in the clearing 
consisted of numerous New York ferns (Thelypteris noveboracensis), 
brambles (Rubus sp.), black oak saplings (Quercus velutina), and much 
spreading dogbane (Apocynum androsaemifolium). The cleared portion of 
the East-West transect contained much Lycopodium complanatum, numerous 
New York ferns, and much northern bush-honeysuckle (Diervilla lonicera). 
Data from the clearing is not further analyzed or included in tables.
In wooded portions of the area canopy cover was extensive, 29 of the 34 
traps being directly under the canopy. Eighteen of the 34 traps in wooded 
areas were covered by the understory. Ground cover is more predominant 
in the east area and covered 10 of the 34 "wooded" traps. There were
Table 2. Composition of trap stations by species of trees 




Quercus rubra (red oak) 31 22
Pinus strobus (white pine) 23 17
Acer rubrum (red maple) 21 15
Betula lenta (black birch) 11 8
Carya ovata (shagbark hickory) 10 7
Populus grandidentata (large-toothed aspen) 10 7
Quercus alba (white oak) 5 4
Quercus velutina (black oak) 5 4
Betula alleghaniensis (yellow birch) 5 4
Fagus grandifolia (American beech) 4 3
Pinus resinosa (red pine) 4 3
Ostrya virginiana (hop hornbeam) 2 1
Fraxinus americana (white ash) 2 1
Hamamelis virginiana (witch-hazel) 2 1
Tsuga canadensis (eastern hemlock) 2 1
Prunus serotina (black cherry) 1 1
Betula populifolia (gray birch)  1  1
139 100
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few (8) stumps at the wooded trap stations, a mean of 3.24 outcropped 
rocks per station (110 in all), and a mean of 1.88 logs per trap station 
(64 in all). In addition to the features indicated above, there were 
two mounds of dirt and a telephone pole at stations along the North- 
South transect, though the telephone pole was in the clearing and has no 
bearing to the data analyses.
Laboratory Procedures
Laboratory experiments were conducted in a basement behavior 
facility in the Spaulding Life Sciences Building of the University of 
New Hampshire. Circulated air was expelled through door grates in the 
four small rooms where the experiments were conducted. Temperature 
was maintained at 21°C. Walls were yellow plasterboard, and the ceilings 
were tiled with white suspended acoustical tile. Rooms were equippdd with 
fluorescent lighting and electrical outlets. There was a single door 
to each small room. During all experiments all basement lights were 
off, except for white incandescent 15W lights illuminating the floors of 
the experimental apparatuses with the desired intensities. The two rooms 
used for experiments were separated by approximately 10 feet. A third 
room was between these rooms. There was no apparent seepage of light from 
one experimental room to the other.
One experimental room was 2.0 x 3.2 m and contained a double 
fluorescent light array (of two bulbs each). The test apparatus 
described below was placed along the wall under the fluorescent lighting. 
The other experimental room was 1.9 x 2.5 m with a single fluorescent 
light array above the right side of the test apparatus.
The two laboratory test apparatuses (Fig. 2) consisted of two 
chambers separated by a central neutral chamber. The walls of the
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Fig. 2. Design of the basic laboratory apparatus as viewed from above.
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apparatus were constructed of 3/16 inch thick, dark brown masonite 
boards. Walls were 51 cm high for one apparatus and 61 cm high for the 
other; otherwise, the two apparatuses were identical. Removable glass 
partitions of clear panes of 1/8 inch thick glass separated a cue chamber 
from an activity chamber on each side during certain experiments. A 
neutral chamber was constructed of 1/4 inch square mesh hardware cloth. 
Sand covered the floor of the apparatus for a depth of 1 - 5 cm. One- 
quarter inch mesh hardware cloth covered the apparatus.
During tests using visual cues each artificial habitat was 
divided into two parts by a glass partition so as to prevent possible 
olfactory, tactile, gustatory or kinesthetic cues from interacting 
with visual cues. Visual cues were placed in the cue chamber of each 
artificial habitat, this chamber being situated at the extreme end of the 
apparatus. The activity chamber of each artificial habitat was between 
the cue chamber and the neutral chamber. The mouse was initially placed 
in the neutral chamber and could choose either artificial habitat by 
passing through a treadle box connecting the neutral chamber with the 
artificial habitat’s activity chamber. For tests involving nonvisual 
orientation, the glass partition was removed and the mouse was allowed 
free access to the entire artificial habitat. Water was provided 
ad libitum in each habitat.
Treadle boxes were 10.5 x 11.5 x 28.5 cm wooden boxes housing 
treadles with mercury microswitches clamped to the underside. The 
microswitches were wired to event recorders. A record of the chambers 
(neutral or activity) the mouse frequented was thus obtained. The mouse 
was considered to, be in the activity chamber of an artificial habitat if
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the treadle was tipped in that direction, even if the mouse remained 
on the treadle in the treadle box. From the treadle box, with the treadle 
tipped toward an artificial habitat, the mouse could see only into that 
particular habitat.
The data obtained from this arrangement consisted of: 1) total 
time spent in each artificial habitat; 2) time spent in each habitat 
in the first and second halves of each trial; 3) the frequencies of 
visits to each habitat, and; 4) the duration of each visit. Time spent 
on any visit to a particular habitat was recorded to the nearest minute.
Any visit lasting less than 30 seconds was not included as data. The 
two variables which were considered most important in recognizing habitat 
preferences were the total time spent in each habitat and the duration 
of each visit.
Experiments were run under three different light conditions: 
dark, 0.005 ft.-candle, and 0.020 ft.-candle. The values for mean forest 
and field illuminations on cloudy and clear, moonlit nights, respectively, 
were the bases for choosing the light intensities for laboratory 
experiments (see below). A 15 watt incandescent white light was placed 
approximately 1.8 m above the substrate of the apparatus, over the center 
of the neutral chamber. A hemispherical aluminum shade restricted diffusion 
of light to the area below the light source. Light intensities were 
varied by the use of a Powerstat or Variac rheostat. Intensities were 
measured at the substrate, in the activity chamber of the artificial 
habitat just outside the exit from the treadle box, using a Weston Model 
1979 ft.-candle meter, with a spectral sensitivity of 380 - 760 nm, and 
a Weston selenium photovoltaic cell couplet. The range of the meter 
was 0.005 - 500 ft.-candles.
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Using the Weston ft.-candle meter, light intensity readings were 
taken in the field on two January, 1976 evenings when the ground was 
covered with snow. Ten measures of forest illumination, on a totally 
cloudy, moonlit night, contributed to a mean forest illumination value of 
roughly 0.003 ft.-candle (interpolated). Five readings at the sub­
strate were taken in areas above which there was no cover and five were 
taken in areas above which there was canopy and understory coniferous 
cover. Ten measures of field illumination, on a clear, full moonlit 
night with the moon about 30 degrees from the zenith, contributed to a 
mean field illumination value of 0.019 ft.-candle. All ten readings 
were taken from various points in an open field for which there was no 
cover for some distance. This value corresponds well with published 
values of full moon intensity at the substrate (Blair, 1943; Dice, 1945; 
Kavanau, 1968) when the moon is at the zenith.
Individual experiments consisted of observations or trials lasting 
14 to 15 1/4 hours each. For each experiment, mice (equal numbers of each 
sex) were selected from among those which had not been exposed to test 
conditions for the longest period. This prevented using any individual 
mouse for an inordinate number of runs. Among this selected pool, 
wild reared, and then lab-reared, mice were run in random sequence, 
making sure, however, that cage mates were never run sequentially. This 
design allowed results from both groups to be statistically analyzed 
separately. Unless a preference for one of the habitats was obvious 
(statistically, highly significant) sooner, ten mice of each type were run. 
Equal numbers of each sex were used, even if it meant using all mice in 
the pool after a preference had already been established with fewer.
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Sensory cues used in all experiments were switched randomly 
from one side to the other so that any positional preference exhibited by 
the mice would not be attributed to their orientation to any particular 
cue fixed in that position. This was also a necessary condition for the 
statistical method of analysis employed (see below). Conditions within 
the test apparatus, for both alternative, artificial habitats, were 
identical, save for the difference in cues employed.
After each run, both treadle boxes were removed and blown free 
of fecal pellets and any other extraneous materials. The sand substrate 
was visually examined for fecal pellets, those apparent being removed.
The sand was thoroughly raked and turned over in an attempt to bury 
any remaining materials. This also dispersed residual urine odors. 
Experimental Animals
Mice for laboratory experiments were housed in a small room of 
the behavior laboratory facility previously described. Wild-reared 
mice were trapped in various wooded areas around the University, or in 
or around dwellings. First generation lab-reared mice consisted of the 
offspring of these wild-reared mice, some being conceived in the wild, 
others in the laboratory.
Mice were housed in pairs (of opposite sex whenever possible so 
as to avoid injurious encounters) in opaque, white plastic cages, 13 x 
16 x 28 cm. Water and food were provided ad libitum. A dark:light cycle 
of 15:9 hours was maintained. In this way, animals used for experimenta­
tion were subjected to the test apparatus during their normal dark period. 
No animal was used for experimentation before being exposed to this dark: 
light cycle for at least two weeks. Light was provided by ceiling mounted 
fluorescent lighting; however, since the mice were situated on a shelved
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portable metal rack which provided cover at each level, the intensity to 
which they were exposed during light periods was reduced to a considerable 
extent.
Only apparently healthy, mature animals, at least seven weeks 
old, were used. None was used more than seven times during the course of 
the project, and none in the same or subsequent experiment in either 
apparatus. Epileptics and waltzers (found among the lab-reared only) 
were not used because of evidence for sensory disfunction in such indi­
viduals (Dice, et al., 1963). Females were not used when obviously 
gravid or nursing. Unwanted litters were eliminated on a weekly basis, 
and females were not used for at least one week following removal of
their pups. No restrictions, in terms of reproductive conditions, were
placed on males, other than the age requirement indicated above.
Laboratory Experiments
Experiment 1. Thick versus thin tubes at 0.005 ft.-candle
The first experiment was an examination of visual orientation in
response to vertically oriented tubes of different diameters. Six 
tubes, constructed of tan, corrugated cardboard with the smooth surface 
exposed, were placed in each artificial habitat. Two rows of three 
tubes, each tube 28 cm tall, occupied the cue chamber in the arrangement 
shown in Figure 3. Tubes in one habitat were 4 cm in diameter; those in 
the other habitat were 8 cm in diameter, so that the diameter of the 
tubes was the only variable.
Experiment 2. Thick versus thin tubes at 0.020 ft.-candle
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Experiment 3. Tall versus short tubes at 0.005 ft.-candle
This experiment was an examination of visual orientation in 
response to vertically oriented tubes of different heights. Six tubes 
of corrugated cardboard, 4 cm in diameter, were placed in each habitat 
in an arrangement identical to that for Experiment 1. Tubes in one 
habitat were 28 cm tall; those in the other, 60 cm tall, so that the 
height of the tubes was the only variable.
Experiment 4. Tall versus short tubes at 0.020 ft.-candle
This experiment was identical to Experiment 3, except for the 
higher light intensity.
Experiment 5. Vertical versus horizontal at 0.005 ft.-candle
This experiment was an examination of visual orientation in 
response to objects whose prominent dimensions were oriented in different 
ways. The "vertical" habitat contained a box of 18 x 18 x 60 cm placed 
vertically, while the "horizontal" habitat housed an identical box placed 
horizontally. Both boxes were wrapped with plain brown wrapping paper 
to eliminate any visual cues associated with surface peculiarities. The 
base of each box was centrally situated 4 cm behind the glass partition. 
Experiment 6. Vertical versus horizontal at 0.020 ft.-candle
Conditions in this experiment were identical to those in 
Experiment 5, except for the higher light intensity.
Experiment 7. Cover versus open at 0.020 ft.-candle
This experiment was an examination of visual orientation in 
response to different light intensities. In one habitat, light intensity 
measured 0.020 ft.-candle, while, in the other, the intensity was 
roughly 0.002 ft.-candle (interpolated). The lower intensity was
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effected by providing cover for the entire habitat, using a piece of 
plain brown wrapping paper which rested on the hardware cloth 51 cm above 
the substrate. All other conditions were identical for both habitats.
No glass partitions in the artificial habitats were employed in this 
experiment.
Experiment 8. Number of vertical tubes at 0.020 ft.-candle
This experiment was an examination of visual orientation in 
response to different numbers of vertical tubes in the two artificial 
habitats. Tubes of corrugated cardboard, 8 cm in diameter and 28 cm 
tall, were used. In one habitat, six tubes were placed in an arrangement 
identical to that for Experiment 1. In the other, two tubes were 
situated equidistant from each other and the sides of the cue chamber, 
and halfway between the end wall and the glass partition.
Experiment 9. Debris at 0.020 ft.-candle
This experiment was an examination of visual orientation in 
response to different amounts of debris in the two artificial habitats.
One habitat ("little debris") contained a 7.5 (height) x 10 x 10 cm 
wooden box along the middle of the end wall of the cue chamber. It 
also contained a cardboard paper towel core approximately 4 cm in diameter 
and 27 cm long, lying on the substrate in whatever position resulted 
from dropping it from a height of 1 m (with the long axis parallel to the 
glass partition of the artificial habitat as it was dropped). The 
alternative habitat ("much debris") housed three such wooden boxes, one 
in each far corner of the cue chamber and one situated as in the "little 
debris" habitat. Seven paper towel cores were used, the first placed as 
described above, and the others remaining in the positions they assumed
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after being dropped, one at a time, on top of each other from a 
height of 1 m. In this way, the debris was irregularly scattered 
within the cue chamber, much as logs or rocks are irregularly dispersed 
on the forest floor.
Experiment 10. Leaf litter versus grass at 0.005 ft.-candle
This experiment was an examination of olfactory orientation in 
response to two different, naturally occurring olfactory cues. In 
one habitat, fresh leaf litter was placed in an opaque, plastic, gallon 
milk carton with a cap in which 10 small holes had been drilled to 
permit limited dissemination of odor. In the other habitat, fresh 
canary grass (Phalaris arundinacea) was placed in an identical milk 
carton. In order to prevent the perception of possible discriminating 
visual cues between the two containers, the cartons were covered by white 
plastic boxes so that only the cap of the milk carton protruded and 
was accessible to the mouse. Discrimination between the two habitats 
necessarily required olfaction. I felt it necessary to restrict the 
diffusion of odor from each container so that an odor would be unmis­
takably associated with one habitat or the other, trying to prevent 
excessive diffusion from one habitat to the other while permitting some 
odor to escape for detection. Odors were detectable to me when the 
containers were placed to the nose. No glass partitions in the artificial 
habitats were employed in this, or subsequent, experiments.
Experiment 11. Decaying wood versus grass at 0.005 ft.-candle
This experiment was similar to Experiment 10, except that decaying 
wood from a rotting stump replaced the leaf litter.
Experiment 12. Marked versus unmarked shavings at 0.005 ft.-candle
This experiment was an examination of olfactory orientation in
response to shavings which were marked or unmarked, being otherwise 
identical. Each habitat contained olfactory equipment, as described 
in Experiment 10. Instead of using leaf litter, decaying wood or grass, 
one container housed fresh pine shavings and the other contained identi­
cal shavings which had served for the immediately previous 24 hours as 
nest and cage material for the particular mouse being tested. Rubber 
gloves were used to handle the shavings so as to avoid depositing human 
odors.
Experiment 13. Log versus rock in the dark
As an attempt to examine nonvisual orientation to natural cues, 
this experiment exployed a log and a rock as opposing cues in alternative 
habitats. A freshly cut shagbark hickory (Carya ovata) log, approximately 
12.5 cm in diameter and 40 cm long, was used in one habitat, and a smooth, 
light tan-colored rock of approximate dimensions, 13 x 15.5 x 20 cm, and 
irregular shape, was used in the other. Both the log and the rock were
rinsed with water after each run to eliminate possible olfactory cues
left by marking. Discrimination between the two habitats implied olfactory 
and/or tactile mechanisms in operation, though gustatory and kinesthetic 
sensations could conceivably be important.
Experiment 14. Rough versus smooth substrate in the dark
This experiment was an examination of tactile/kinesthetic 
orientation in response to different sensations associated with the 
substrate. A 60 x 60 cm piece of 1/8 inch thick, dark brown masonite 
was placed on the sand substrate in each habitat of the apparatus. In 
one habitat, the rough surface of the masonite was exposed. In the other, 
the smooth surface of the masonite was exposed. Exposed surfaces of the 
masonite boards were scrubbed with water after each run.
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Experiment 15. Cover at 0.020 ft.-candle
This experiment was an examination of orientation in response
to different amounts of available ground cover. One habitat ("little
cover") housed a 15 x 22 cm rectangular piece of 1/8 inch thick
masonite, raised above the substrate by rubber stoppers under each corner,
and centrally positioned with its length adjacent to the end wall. The
other habitat ("much cover") housed a 15 x 60 cm rectangular piece of
masonite similarly positioned.
Analysis of Laboratory Results
In order to discover cue preferences of the wood mouse, and the
sensory modalities used to register such preferences, laboratory data
were subjected to statistical analysis. For each experiment, data
consisting of total time spent in each artificial habitat, time spent in
each habitat in the first and second halves of each trial, frequencies
of visits to each habitat, and duration of each visit were recorded. The
data were subjected to a split-plot analysis of variance in order to
reveal differences between habitats for each of these factors and possible
sex differences. Separate analyses were conducted for wild-reared and
lab-reared mice. The plot pattern is illustrated in Fig. 4.
The analysis is as follows for a test with 10 trials, where there
are two observations (one for each habitat) for each.
Source of variation SS df MS F
Total variation - 19
Sex (main plot treatment) 1 - *
Error - 8 -
Habitat (subplot treatment) 1 - *
Sex x Habitat (interaction) - 1 - *
Error - 8 -








Subplot Subplot Subplot Subplot
Fig. 4. A plot depicting the pattern of the split-plot analysis of variance used 




Eighty-eight P_. leucopus noveboracensis were captured a total
of 136 times. Over 5150 trap-nights in wooded habitats, 58 mice were
taken 98 times in the west sampling area, and 30 mice were taken 38
times in the east area. One male subadult was captured six times at
four different locations in the west area, but no other was taken
more than four times, and none more than thrice in the east area.
Generally, recaptures occurred in different traps along a transect,
or at locations where the two transects in each area approached each
other. The greatest distance between captures for any single recaptured
individual, an adult male, was 140 m.
Table A1 shows the age, sex and reproductive status for ]?. leucopus
from the sampling areas. Three mice are excluded because they escaped
before their sex could be determined. Combining data from both sampling
areas, 59 males and 26 females were captured. This ratio is a highly
2
significant departure (X = 10.00, df = 1, p < .01) from a 1:1 ratio.
Distribution and Habitat Association
For each sampling area chi-square goodness of fit (to the
Poisson distribution) tests were made to determine whether captures were
randomly distributed among the trap stations. Evans (1942) used a similar
technique to reveal nonrandom distributions of Apodemus sylvaticus and
Clethrionomys glareolus. In the current study, captures for neither
area conformed to the Poisson distribution; that is, they were not
2
randomly distributed among the trap stations (X = 14.04, df = 3, p <
.01 for the west, and X^ = 13.30, df = 2, p < .01 for the east). The 
task then became one of determining why certain traps were visited more
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frequently than others.
In the west area, the number of captures was evenly distributed
among traps whose doors faced the four major compass directions. In the
east area, however, there was a highly significant deviation from random-
2ness, with more captures than expected in north-facing traps (X =14.92, 
df = 3, p < .01).
In both sampling areas the most to least frequent closest major 
landmark to traps were trees, logs, rocks and stumps (Table A2). In the 
west area, captures at traps were in proportion to the relative frequencies 
of closest landmarks to the traps. In the east area there was a dispropor­
tionately high number of captures at traps where the closest landmark to the
traps was a tree, with fewer than expected captures where the closest land-
2
marks were other than trees (X = 21.33, df = 2, p < .01).
The data can be analyzed in another fashion. I broke down the 
closest major landmarks to traps into major dimensional components (i.e., 
vertical and horizontal) and ascertained the prominent (greater) dimension 
in each case. The results of chi-square analyses indicated that mice in 
neither area were visiting traps on the basis of whether the prominent dimen­
sion of the closest landmark to the trap was primarily vertical or horizontal.
For the east area, no combination of habitat features (factors) and/ 
or interactions yielded a statistically significant regression. None of 
these factors, singly or in combination, seems to play a predictable role 
in the distribution of the mice in the east area. There were no significant 
correlations between captures per trap-night and any of the independent 
factors considered. In contrast, a number of statistically significant 
multiple regressions were obtained with the west area data. However, 
stepwise regression revealed that the number of logs was responsible for
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reducing the greatest proportion of the variance of Y (F for this 
variable = 7.92, df = 1, 46; p < .01), and successive steps beyond 
this point reduced the proportion of the variance of Y only by insigni­
ficant amounts. Simple Pearson product moment correlations between 
single factors and the number of captures per trap-night yielded two 
interesting results for the west area, both related to the log data.
There was a highly significant correlation (r = .383, df = 46, p < .01) 
between captures per trap-night and the number of logs at a trap station. 
In addition, there was a significant correlation (r = .296, df = 46, 
p < .05) between captures per trap-night and the total log diameter at a 
trap station.
Table A3 indicates that mice and logs were not independently
distributed among the trap stations (that is, there was a positive
2
association) for the west area (X = 7.90, df = 1, p < .01). No such 
relationship was found for the east area. Mice and rocks were not 
independently distributed in the west area (X = 3.98, df = 1, p < .05) 
(Table A3); there was a negative association. Mice and rocks were 
independently distributed in the east area. No significant associations, 
positive or negative, between mice and types of vegetative cover, logs 
and rocks combined, slope of the land, or any species of tree were 
detected by chi-square tests of association for either sampling area.
In an attempt to estimate threshold values for the attraction 
of mice to various stimuli associated with major landmarks in the habitat, 
two categories were derived which included trap stations differing only 
by whether they contained five or more woody stems, or less than five 
(Table A4). The results (X^  = 8.01, df = 2, p < .05), pooled from both 
sampling areas, indicated that mice are captured more frequently in areas
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with fewer (less than five) stems than would be expected on the basis of
chance alone. The results are significant for the west area alone 
2
(X = 6.58, df = 1, p < .05). However, heterogeneity of chi-square 
2
(X = .93, df = 1, p < .05) indicates that the east and west samples
represent a single population in this regard.
Mice were captured more frequently in habitats with large diameter
trees than was expected by chance alone, whether the two exclusive
2
categories were distinguished at the 20 cm in diameter level (X =32.26,
df = 2, p < .01) or the 8 cm level (X^  = 10.37, df = 2, p < .01) (Tables
2
A5, A6). Heterogeneity of chi-square tests for both cases (X =15.85,
2
df = 1, p < .01; X = 4.02, df = 1, p < .05) indicate that east and west
samples represent different populations. In both cases, partitioning
of the pooled data into east and west portions resulted in highly sig-
2
nificant chi-squares for the east area (X ' s = 28.42 and 8.10, respectively;
df = 1, p < .01) and nonsignificant results for the west area.
In the west area, mice were captured more frequently at trap
stations containing logs (fallen branches, fallen trees, logs, etc.) than
2
would be expected on the basis of chance alone (X = 9.70, df = 1, 
p < .01) (Table A7). In the east area a very slight opposite trend was 
indicated, but captures were distributed well within proportion to 
expectation, there being no statistically significant association of mice 
with logs. When the stations were dichotomized into two categories 
(Table A8), one with three or more logs present and the other with less 
than three logs present, different trends were again noted between east 
and west sampling areas. In the west area mice were captured more 
frequently at stations with three or more logs than was expected by chance
43
2
alone (X = 8.29, df = 1, p < .01). In contrast, rather than lacking
any trend, mice in the east area were captured less frequently than
expected by chance alone at stations containing three or more logs
(X2 = 4.33, df = 1, p < .05).
In contrast to the chi-square test of association above, when
rocks are considered in this fashion (Table A9), chi-square analysis 
2
(X = 11.01, df = 2, p < .01) indicates that mice in both areas
were captured more frequently than would be expected on the basis of
chance alone at stations containing three or more rocks (or a rock pile
2
or stone fence). Heterogeneity of chi-square (X = .68, df = 1,
p > .05) indicates both samples as representing the same population.
When the criterion used to distinguish the two categories is shifted
upwards to distinguish between stations with five or more rocks (or a
rock pile or stone fence) and those with less (Table A10), the result
2
is the same for the west area (X = 18.95, df = 1, p < .01). However, 
for the east area the trend shifts, and, statistically, the tendency is 
no longer for mice to be captured more frequently than expected by chance 
in rockier habitats. Finally, using similar analysis, mice show no greater 
tendency to frequent habitats than contain stumps than is expected by 
chance alone (Table All).
There were no apparent associations between mice and patches of 
particular vegetational types, for example Lycopodium or Viburnum.
Neither were relationships noted between mice and any peculiar or 
unusual features such as mounds of dirt. Mice appear to be positively 
associated with stone fences and rock piles, regardless of whether other 
rocks are present or not. For the west area, mice were captured more
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frequently than expected by chance alone at stations containing either
2
a portion of a stone fence or a rock pile (X = 13.93, df = 1, p < .01) 
(Table A12). There were no stone fences or rock piles in the east 
sampling area.
Escape and Navigation
Escape routes and ultimate points of escape or disappearance 
were noted when mice actively fled upon release from traps. Table A13 
indicates major landmarks that were encountered during escapes for 
both sampling areas. For the west area, logs (fallen branches, fallen 
trees, logs, etc.) were encountered more frequently during escapes 
than other types of landmarks, but trees were frequently encountered, as 
were rocks and portions of the stone fence to a somewhat lesser extent.
In the east area, trees were encountered more frequently during escapes 
than other types of landmarks, with rocks also being frequently encountered. 
In this area there was a distinct paucity of encounters with landmarks 
categorized as logs.
Table A14 summarizes data for the ultimate points of escape.
For 84 animals actively fleeing upon release from traps in both areas, 
more (36) ultimately disappeared into burrows (or holes) than at any 
other point. In the west area, 14 ended their escapes at or in a
stone fence, and 11 climbed trees. Only five ended their escapes
beneath logs. Proportionately more mice climbed trees in the east area
(eight of 18, or 44 percent) as compared to the west area (11 of 66, or
16.7 percent). In the east area only one mouse ultimately sought refuge 
beneath a log.
Activity Periods
Table A15 indicates frequencies of captures recorded under four
sky conditions for west and east sampling areas. For both areas, 
more captures were made under clear skys than under other sky conditions. 
Table A16 indicates observed and expected frequencies of captures 
recorded under four phases of the moon for both areas, in relation to the 
number of nights traps were open under the four phases of the moon.
A chi-square analysis revealed that captures were distributed in accordance 
with expectation for both areas; i.e., moon phase was not a factor in 
capture frequency. Categories of one-quarter, full, and three-quarters 
moon phases were pooled into a single class in order to examine whether, 
when compared to the condition of new moon, captures were more or less 
frequent when the moon was visible during some portion of the dark hours.
A chi-square analysis revealed no deviation from that expected for either 
area. Combining moon and sky conditions for the west area (Table A17), 
of the 51 captures recorded when the sky was clear, 44 were made when 
the moon was also visible. Of 11 captures made when the sky was partly 
cloudy, all 11 were made when the moon was visible. Of eight captures 
when the sky was cloudy (but not rainy), all eight were recorded when 
the moon was full.
Though numbers for the east area are low, the tendencies are 
similar. Of 23 captures recorded when the sky was clear, 22 were made 
when the moon was visible (Table A17). Of six captures made when the 
sky was partly cloudy, four were made when the moon was visible. Of 
four captures when the sky was cloudy (but not rainy), two were recorded 
when the moon was full, one when the moon was in the third quarter, 
and the other when the moon was new.
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LABORATORY RESULTS
The results of Experiments 1 and 2 are listed in Tables B1 and 
B2. At 0.005 ft.-candle (Experiment 1) laboratory-reared females 
spent significantly more time (F = 6.29; df = 1, 8; p < .05) per visit 
in the artificial habitats than males, and more total time during the 
second half of the trial (F = 9.03; df = 1, 8; p < .05). At 0.020 
ft.-candle there was some preference noted for lab-reared mice for the 
habitat with larger diameter tubes, mice visiting that habitat more 
frequently (F = 6.15, df = 1, 8 ; p < .05).
Experiments 3 and 4 indicate little visual preference for
taller (or shorter) vertically oriented tubes (Tables B3, B4). Wild- 
reared males under a light intensity of 0.005 ft.-candle (Experiment 3) 
spent significantly more time in the artificial habitats during the
first half (F = 5.38; df = 1, 8 ; p < .05), second half (F = 9.34,
df = 1, 8; p < .05), and total length of the trial (F = 9.26; df = 1,
8; p < .05) than the females did. Under greater light intensity
(Experiment 4), the habitat with the shorter tubes was frequented more 
often by wild-reared mice than the habitat with tall tubes (F = 6.61, 
df = 1, 8; p < .05). During the second half of the trial, lab-reared
mice spent more time in the habitat with the short tubes (F = 15.87,
df = 1, 8; p < .01).
Results from Experiment 5, in which the opposing visual cues 
were vertically and horizontally oriented boxes, are listed in Table B5. 
Lab-reared females made more trips than males to the artificial habitats 
(F = 6.18, df = 1, 8; p < .05), but the duration of the trips were shorter 
than those of males (F = 5.69; df = 1, 8; p < .05), the two factors
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canceling each other out in total effect. Experiment 6 (Table B6) was 
identical to Experiment 5 but at a higher light intensity. At this 
increased light intensity, wild-reared mice showed a clearcut, significant 
visual preference for the habitat with the horizontally situated box, in 
terms of the duration per visit (F = 8.25; df = 1, 6; p < .05), time 
spent in the first half of the trial (F = 14.75; df = 1, 6; p < .01), 
and total time spent during the entire trial (F = 15.36; df = 1, 6; 
p < .01). Wild-reared males spent more time in the artifical habitats 
during the first half of the trial than females did (F = 17.15; df = 1,
6; p < .01). Lab-reared mice showed no preference.
The results of Experiment 7 are listed in Table B7. Wild-reared 
mice spent more time in the first half of the trial (F = 28.94; df = 1,
4; p < .01), in the second half of the trial (F = 181.43; df = 1, 4; 
p < .01), and more total time (F = 91.23; df = 1, 4; p < .01), in the 
open, or illuminated, habitat, indicating a clear preference for this 
habitat. Of secondary importance in this experiment was the greater 
amount of time spent in the artificial habitats by wild-reared females 
than by wild-reared males, both during the second half of the trial 
(F = 13.21; df = 1, 4; p < .05) and for the entire length of the trial 
(F = 9.20; df = 1, 4; p < .05). Lab-reared mice exhibited no preference.
The results of Experiment 8 are summarized in Table B8. For lab- 
reared mice there was a significant interaction (F = 6.32; df = 1, 8 ; 
p < .05) between sex and choice of habitats; male mice visited the 
habitat with more (six) stems (tubes) more often, and female mice visited 
more frequently the habitat with less (two) stems. Wild-reared mice showed 
no preference for either habitat.
The results of Experiment 9 (Table B9) Indicate no preference 
for lab- or wild-reared mice for either habitat, that with "much" 
debris or that with "little" debris, on the basis of visual stimulation.
Experiment 10 (Table BIO) involved olfaction. While wild- 
reared mice showed no preference for the smell of leaf litter over that 
of freshly cut grass, or vice versa, lab-reared mice showed a distinct 
preference for the grassy habitat. Results were significant for duration 
per visit (F = 5.71; df = 1, 8; p < .05), time spent in the habitat
during the second half of the trial (F = 8.16; df = 1, 8; p < .05), and
nearly significant for total time spent in the habitat for the entire 
trial (F = 5.29, df = 1, 8; p < .10).
Lab-reared mice showed no preference for grass over decaying 
wood in Experiment 11 (Table Bll). Wild-reared mice again showed no 
olfactory preference between two materials which they would naturally 
encounter in the wild. Lab-reared females in this experiment spent 
significantly more time per visit to either habitat than males did 
(F = 7.57; df = 1, 8; p < .05).
The results of Experiment 12 (Table B12) show an interaction 
(F = 6.23; df = 1, 8; p < .05) between sex and choice of habitats.
During the second half of the trial, wild-reared males oriented more to
the shavings with which they had been housed for the immediately previous 
24 hours than to unmarked, fresh shavings. Females showed the opposite 
tendency, at least during this portion of the trial. Lab-reared mice 
displayed no preference for either habitat.
The results of Experiment 13 (Table B13) indicate a preference for 
the hickory log over the rock, for both wild-reared and lab-reared mice.
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Both groups spent significantly longer per visit in the log habitat
(F = 6.63; df = 1, 8; p < .05 for wild-reared; F = 5.48; df = 1, 8;
p < .05 for lab-reared), more time during the first half of the trial 
in the log habitat (F = 7.26; df = 1, 8; p < .05 for wild-reared;
F = 5.86; df = 1, 8; p < .05 for lab-reared), and more total time 
for the whole trial in the log habitat (F = 8.11; df = 1, 8; p < .05 
for wild-reared; F = 9.78; df = 1, 8; p < .05 for lab-reared). In 
addition, wild-reared mice spent more time during the second half of 
the trial in the log habitat (F = 6.61; df = 1, 8; p < .05). This 
corroborates the field data from the west sampling area, which showed 
orientation to logs by that wood mouse population.
In Experiment 14 (Table B14), mice showed no distinct preference 
for either rough or smooth substrate on the basis of tactile and/or 
kinesthetic cues received through the feet.
The results of Experiment 15 (Table B15) indicate a significant
interaction between sex and choice of habitats for lab-reared mice in 
both frequencies per visit to the habitats (F = 5.71; df = 1, 8; 
p < .05) and total time in the second half of the trial (F = 6.64; df = 1; 
8; p < .05). Males frequented the habitat with little cover more often, 
while females frequented the habitat with more cover more often. During 
the second half of the trials, males spent more time in the habitat with 
little cover while the opposite trend was exhibited by females. No 
preference was indicated for wild-reared mice.
DISCUSSION
Considering both sampling areas, significantly more males 
than females were captured. Other authors (Townsend, 1935; Hirth,
1959; Bendell, 1961; Myton, 1974; Amin, 1974) have also found a 
significant departure from a 1:1 ratio in samples of P^. leucopus, 
attributing it to such phenomena as decreased activity of females during 
the breeding season, greater wanderlust of the males, or merely more 
males in the population. Reasons for the deviation in the present 
study were not ascertained.
The distribution of captures in the field phase of the study 
was examined above. Captures were not randomly distributed among the 
trap stations; i.e., certain traps were frequented more often than others. 
There could be a number of reasons for such a nonrandom distribution.
Traps remained in the field throughout the trapping period, and Mazdzer, 
et al, (1976) warn that biases from residual odor, etc., can possibly 
occur in small mammal trapping experiments if traps are not cleaned each 
time an animal is caught. This is usually inconvenient, if not impossible. 
Lindeborg (1941), on the other hand, found that there was no effect of 
the scent from previous captures of P_. leucopus on subsequent trapping.
Doty (1973) concluded that there was little likelihood that ]?. leucopus 
utilized urine odors for either intra- or interspecific communication in
the field. There would seem to be little if any effect of previous
capture on capture frequency for any trap in the current study. The
mice which were recaptured a number of times were generally caught at a
number of different stations, though these were frequently in close 
proximity. The data indicate an attraction for individual mice to a
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particular area rather than to a particular trap. If scent from initial 
captures was responsible for subsequent captures (of the same or different 
mice), there would be a number of trap stations with extraordinary 
capture frequencies; or, if scent effected avoidance, there would be very 
many trap stations with only one capture recorded. Neither is the case. 
There are several traps with high capture frequencies in both sampling 
areas, but the number is small in both cases (for example, two traps with 
six or more captures in the west area; two traps with five or more captures 
in the east area). Likewise, in the west area only nine of the 48 traps 
experienced only one captures; in the east area, only six of the 34 traps. 
In both areas, the largest class for frequency of capture per station was 
zero. Bongiorno and Pearson (1964) observed a similar pattern of distri­
bution for leucopus on Long Island and attributed it to physical 
disparities in the environment.
In the east area, more captures than expected were made in north- 
facing traps. It is not clear whether a directional influence is 
responsible here, or whether other factors associated with these traps 
are responsible, at least in part, for this nonrandom distribution of 
captures. For example, of the 22 captures in north-facing traps, 14 
were from two traps (nine in one, five in the other). These traps were 
located within 11 and 3 cm, respectively, of trees which were readily 
climbed when mice were released at the traps. The trees, or perhaps 
some other physical factor, could have been primarily responsible for the 
high capture rate at these stations.
From examination of the data it would appear that features of the 
habitat provide the best explanation for the distribution of the mice.
In the east area a disproportionate number of captures occurred at
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traps where the closest landmark was a tree, even though, on the average, 
trees, as closest landmarks, were not closer to the traps than logs and 
rocks (t for heterogeneous variances = 1.704, df = 24, p > .05 for trees 
versus logs; t = 1.565, df = 19, p > .05 for trees versus rocks). However, 
two traps where trees were within 11 and 3 cm, respectively, accounted for 
14 (nine and five, respectively) of the 30 captures, so proximity to the 
trap may still have been a significant factor in capture frequency at 
traps where the closest landmark was a tree. In the west area, captures 
were not more frequent than expected at traps where the closest landmark 
was a tree. In this area, on the average, trees, as closest landmarks, 
were farther from the traps than logs and rocks (t for heterogeneous 
variances = 3.842, df = 37, p < .01 for trees versus logs; t for heterogeneous 
variances = 3.349, df = 29, p < .01 for trees versus rocks). However, 
traps with trees within 25 cm accounted for 30 captures suggesting that, 
in this area also, proximity to the trap may have been a significant factor 
in capture frequency at traps where the closest landmark was a tree.
Despite the indication that captures occurred frequently at traps 
with trees as closest landmarks because many of the captures occurred at 
the few instances where trees were very close to the traps, there are 
additional data which indicate that wood mice orient to trees, particularly 
larger trees. For both areas (particularly the east), trees were fre­
quently encountered during escapes. In the east area, mice were associated 
with microhabitats which contained trees with diameters greater than 8 cm 
above root swell.
There is a wealth of studies on the macro- and microhabitats of 
Peromyscus leucopus which provide inferential evidence for orientation 
to trees (see Introduction). In addition, a number of studies provide
53
more direct evidence of Peromsycus' orientation to trees (particularly 
large ones) within its habitat. In the Guyandotte River Valley of 
West Virginia, wood mice were usually trapped under exposed roots of 
elms and oaks on the banks of small streams (Kellogg, 1937). Harris 
(1952) found that .P. mariiculatus gracilis responded positively to tree 
trunks in artificial habitats. In Brand's (1955) study, many wood 
mice were observed to climb a nearby shrub or tree upon release from 
traps. His results indicated that, for all seasons except winter, 
wood mice were more abundant and more active where there were greater 
numbers of large diameter trees. Smith and Speller (1970) also observed 
a tree climbing tendency in P_. JL. noveboracensis and felt that in Ontario 
upland forests were preferred because of the abundance of large trees 
which provided suitable refugia. On the basis of laboratory results, 
Joslin (1971) concluded that 1?. leucopus orients primarily to trees 
proximally associated with a goal (either the home site, food, etc.)
There are additional studies which indicate that various 
peromyscines orient directly to trees. Many investigators have observed 
arboreal or elevated nesting sites (Osgood, 1909; Wood, 1910; Burt, 1940; 
Hamilton and Cook, 1940; Nicholson, 1941; Jackson, 1961; Taylor and 
McCarley, 1963; and Klein and Layne, 1978). Others (Horner, 1954; 
Eisenberg, 1962; Layne, 1970; and Meserve, 1977) have observed adept tree 
climbing behaviors of various species of Peromyscus.
While my study provides direct evidence for orientation of wood 
mice to trees, especially large trees, it includes data which indicate 
that areas with high densities of stems are avoided. Mice were captured 
more frequently in areas with fewer stems. There may be some optimal 
density of trees or stems to which ]?. leucopus preferentially orients.
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These data are surprising in light of a number of previous investiga­
tions. Linduska (1950) indicated greater numbers where there were 
numerous understory shrubs. Brand's (1955) study showed that wood mice 
were generally more abundant and more active in habitats containing 
many trees or shrubs. Pearson (1959) noted a direct relation between 
abundance of P^. leucopus and the cover of shrubs and trees, and Stormer
(1968) indicated that the occurrence of JP. leucopus in Pennsylvania was 
associated with the number of red and white oaks. Kaufman and Fleharty 
(1974) found P. leucopus in Kansas to be most abundant in densely 
wooded areas, and M'Closkey and Fieldwick (1975) found them in areas 
of trees having large basal areas. However, in summer, wood mice may 
be found in areas where there are few stems (Wood, 1910). In Illinois, 
Johnson (1926) found that wood mice were present in areas where stems 
were scarce. On Long Island, Bongiorno and Pearson (1964) obtained a 
negative association between the number of captures of wood mice and 
the amount of shrub coverage in the 0 - 0.3 m schrub layer. Thus, there 
is additional documentation that P_. leucopus, at various times and 
places, tends to avoid areas with high densities of stems. In addition 
to the field data of the current study which indicates avoidance of 
sites with numerous stems, Experiment 8 of the laboratory phase revealed 
no visual preference for habitats more densely populated with vertical 
tubes (stems). Studies which show avoidance of microhabitats with large 
quantities of ground cover (debris) may bear some relation to the ob­
served avoidance of areas with high densities of stems. These studies 
will be discussed later in relation to the abundance of logs and rocks.
Logs and rocks (collectively, debris) appear to be very important 
to the distribution of the wood mouse in New Hampshire. For the west
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area, regression analysis showed that, of all factors considered, the 
number of logs (including logs, fallen trees and fallen branches) was 
the factor responsible for the greatest reduction of the variance of 
Y (captures per trap-night). There was a significant correlation 
between captures per trap-night and the number of logs, as well as the 
total log diameter, at a trap station. A chi-square test of association 
showed that mice were captured more frequently at trap stations con­
taining logs than was expected by chance. Likewise, mice were associated 
with stations in the west area where there were three or more logs.
In contrast, for the east area the data indicated no association of 
mice and logs, with mice actually avoiding logs in abundance, stations 
with three or more being visited less frequently than expected by 
chance. The possible significance of such differences in preferences 
and behaviors between west and east area mice will be discussed later.
The situation for rocks is more complicated. On the basis of 
a chi-square test of association there was a negative association 
between mice and rocks in the west area. However, mice were captured 
more frequently than expected at stations with three or more rocks (or 
a rock pile or stone fence), and at stations with five or more rocks 
(or a rock pile or stone fence). In the east area, a chi-square test 
of association indicated no association between mice and rocks. But, 
mice were captured more frequently than expected at stations with three 
or more rocks, but not at stations with five or more.
The results for the west area suggest that there may be a threshold
for the amount of rock cover below which the microhabitat is not preferred
by the wood mouse.- In fact, mice were captured less frequently than expected 
2
(X = 6.34, df = 1, p < .05) at stations with only one or two rocks. At
least for the east area, a critical range of rock cover may determine 
favorability of an area. When rocks become too prevalent, the site may 
not be preferred. The number of rocks in an area may be as important as, 
or perhaps even more important than, the total rock perimeter along which 
refugia can be located. In this study there was no correlation between 
the number of captures and the basal rock perimeter for either sampling 
area. A number of smaller rocks providing the same area for refugia and 
nest sites as a single larger rock, within a prescribed space, would allow 
greater spatial isolation of ]?. leucopus, a species which generally 
practices noncommunal occupation (Burt, 1940; Nicholson, 1941; Sheppe, 
1966b; Doty, 1973) and may in fact be territorial (Burt, 1940). On 
the other hand, too many rocks might provide too much opportunity for 
habitation by a number of animals, and competition might become too 
severe (see below).
From the quantitative data obtained in this study it is apparent 
that the wood mouse orients to microhabitats which contain "ample" cover 
in the form of logs and/or rocks. This conclusion is supported by the 
mostly qualitative observations of a number of investigators. Williams
(1936) caught £. 1_. noveboracensis in association with stumps, decaying 
logs and litters of sticks. Wetzel (1958) indicated that high population 
sizes occurred where there were accumulations of logs, stumps, hollow 
trees and invasions of nut-bearing trees. In winter in Minnesota, wood 
mice restricted their movements to areas such as brush piles and under 
logs (Beer, 1961). Bowditch (1965) observed numbers of P. 1^. fusus, 
a closely related subspecies which inhabits Martha's Vineyard, in areas 
containing logs and fallen trees. Similarly to the current study,
Stormer (1968) noted a significant positive correlation between
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captures per trap-night and the number of nonhollow logs. Kellogg
(1937) trapped large numbers of wood mice near rock ledges in woods 
along the Ohio River in West Virginia. In Kansas, Rainey (1955) noted 
that a limestone outcrop was the preferred habitat for I\ leucopus at the 
ecotone between eastern deciduous forest and western grassland. Bendell 
(1961) and Sheppe (1965a, 1965b, 1966a, and 1966b) found them to be most 
abundant in forested areas with good broken rock cover, and Wilson (1968) 
collected a high percentage of P. leucopus in New Mexico in rocky areas.
On the basis of the data obtained in this study, wood mice are 
also positively associated with stone fences and rock piles. While 
Sinclair, al. (1967) did not find greater numbers in forested areas 
containing stone walls (fences), they did recognize the extensive 
utilization by the mice of these structures which provided suitable nest 
sites and escape cover. Miller and Getz (1973) found that stone walls 
were utilized as cover also by redback voles. The current study gives 
evidence that stone fences and rock piles are valuable navigational 
landmarks and refuge sites for wood mice.
It appears that woody stems, logs, rocks, stone fences and rock 
piles are landmarks which are valuable in navigation and as escape 
sites. Most escapes upon release from live-traps in both sampling 
areas involved at least one mouse/landmark encounter before the escape 
was complete. Table A14 indicates that mide often ultimately escaped into 
a burrow, rarely beneath logs and rocks, but sometimes climbed trees. 
Comparing the data from Tables A13 and A14, we see that even though mice 
relatively infrequently ended their escapes by hiding beneath logs or 
isolated rocks, they frequently encountered these landmarks during the 
courses of their escapes. This is strong evidence for the utilization
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of these objects as short-range navigational cues.
Logs seem to be particularly important, at least in certain 
cases. Mice encountering logs were observed traveling their lengths at 
relatively great speed during escapes. Logs were very important in the 
west area escapes, but of little importance in the east area. This was 
not due to a greater abundance in the west; in fact, there were more mean 
number of logs per trap station in the east than in the west area (1.88 
versus 1.46, respectively). Presumably, this is related to the avoidance 
of logs (as previously discussed) by the east area mice, possible reasons 
for which are explored below.
The escape data reflect the importance of the two stone fences 
as landmarks/refugia in the west area. Though the stone fences in 
the west sampling area were situated near a number of traps in the 
eastern half of the East-West transect, and near several at the northern 
extreme of the North-South transect, portions of the fences were 
included in only three trap stations. The escape data therefore indicate 
an inordinate amount of use of the stone fences as navigational land­
marks and refugia in proportion to their occurrence within trap stations.
A number of workers have noted the utilization of specific land­
marks upon release or escape of Peromyscus, though few have obtained 
quantitative results. Blair (1940) observed utilization of stumps and 
logs during escapes of wood mice from bluegrass habitat in Michigan,
After release from traps, woodland deer mice (P. m. gracilis) were 
observed by Manville (1949) to make their way along runways, across logs, 
and around rocks to retreats. Brand (1955) released over 1000 wood 
mice and noted that the escape path often was along fallen trees and 
branches. He concluded that the mice were aware of the location of
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burrows and did not find them as a result of random wanderings. In 
eastern Ontario, released mice sought refuge between rocks and under 
logs (Bendell, 1961), whereas in New York, 27 percent of 113 released 
P_. leucopus climbed nearby trees or shrubs and 73 percent of the refuge 
sites were holes, either in the ground or at or above ground level 
(Layne, 1970). Smith and Speller (1970) noted that many escapes were 
associated with trees or logs, and Joslin (1971) found that P. leucopus 
frequently ran directly to trees, logs, holes, rocks and other refuge 
sites upon live-trap release.
While 1?. _1. noveboracensis inhabits wooded areas with quantities 
of debris cover and woody stems, and orients to and navigates by these 
objects, there are data which suggest that it avoids sites with "excessive" 
debris. The present study indicates avoidance in both sampling areas of 
stations with high populations of woody stems. In the east area, stations 
with a number of logs seemed to be avoided, and stations which contained 
high numbers of rocks were not preferred, and may actually have been 
avoided. Experiment 9 demonstrated no overall tendency for mice to 
visually prefer habitats with more debris, and there was no overall 
tendency for mice to choose habitats on the basis of different quantities 
of "close-to-the-ground" cover in Experiment 15, though the results 
indicated that the sexes may behave differently in this regard. Getz 
(1959a, 1961) found that there was no correlation between the amount of 
logs, brush and other forest debris and the abundance of P_. leucopus in 
Michigan. Klein (1960) noted that the amount of ground cover did not 
influence the distribution of either the wood wouse or the woodland deer 
mouse. Meierotto -(1967) obtained a negative correlation between debris 
density and both the wood mouse and the woodland deer mouse in Minnesota,
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and Metzgar (1973) suggested that white-footed (wood) mice in Michigan 
were not orienting to conspicuous features of the habitat such as 
large trees, fallen logs and brush piles.
cover or woody stems? One reason may be related to the limited number 
of refuge sites such areas would provide. The east sampling area is 
the one in which debris was more avoided, and of the two areas, it has 
more rocks and logs per trap station. The wood mouse is essentially 
a solitary animal and, by choosing areas with limited cover, i.e., 
refugia, it could maintain adequate isolation and, at the same time, 
occupy satisfactory habitat while conserving energy by avoiding intra­
specific strife. Interspecific encounters also could be reduced.
Brown (1964) felt that interspecific conflicts may determine to some 
extent the habitat preferences of P_. leucopus in the Missouri Ozarks. 
Sheppe (1967) found that the exclusion of P_. maniculatus artemisiae 
from preferred habitats in British Columbia was in part due to competition 
from other small mammals. Grant (1971) considered the movement of 
woodland deer mice into grassland as a possible means of avoiding high 
population densities in favorable habitats. Grant and Morris (1971) 
believed that their failure to establish correlations between captures 
of meadow mice and various environmental variables may have been due 
to the weakening of structural habitat associations as animal density 
increased. Bank voles (Clethrionomys glareolus) in Poland were found 
to occupy less favorable habitats when population density increased 
(Bock, 1972). Pettigrew and Sadleir (1974) discovered that low numbers 
of P^. maniculatus in British Columbia were due to competitive interaction 
with Microtus oregoni rather than to unsuitability of the habitat. When
Why would wood mice seem to prefer habitats with limited debris
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meadow mice (Microtus pennsylvanicus) were intorduced into habitat 
containing P^. leucopus, the latter shifted to more sparsely vegetated 
areas (Bowker and Pearson, 1975). Moroni (1975) suggested that the 
dominance of the prairie vole over the white-footed mouse could be a 
factor in altering habitat occupation where the two species overlap.
All of these studies provide evidence that habitat selection can be 
influenced or modified by competition.
It seems unlikely that interspecific competition would be a major 
factor in the distribution of wood mice in my study areas. Several 
shorttail shrews (Blarina brevicauda) were captured in both sampling 
areas, but no other potential small competitors were caught or seen. 
However, Pruitt (1953) found that where Blarina were concentrated,
P. leucopus werenot, and Haresign (1964) indicated that wood mice tended 
to move away from shrews. Therefore, the possibility remains that Blarina 
is influencing the distribution and habitat preferences of ]?. leucopus in 
New Hampshire. The occupation of the study area by wood mice may 
in fact be partially related to the low number of Blarina present.
While no other potential, small, interspecific competitors were trapped 
in the area or are suspected of influencing the distribution of wood 
mice, there is the possibility of competition with somewhat larger 
mammals. Allen (1938) indicated dietary overlap between squirrels, 
chipmunks and wood mice in Michigan woodland. At one point during the 
course of the present study the East-West trapline of the east area was 
distrubed by a lactating gray squirrel which was readily captured in a 
large Havahart trap and removed a short distance away. After this, no 
problem with trap disturbance occurred. It is possible that wood mice 
and gray squirrels were competing for the same foods in this area, and
somehow this may have influenced the distribution of the mice. Again, 
this is unlikely because mice in the east area appeared to orient to trees 
more than those in the west, and this behavior would likely be discouraged 
if competition with gray squirrels was occurring. There is also the 
possibility that chipmunks may have influenced habitat occupation in 
the study area. However, no chipmunks were caught in the traps and 
those observed were but few in the west area in the immediate vicinity 
of the railroad bed and access road where there were no traps.
Another factor which could have been responsible in part for the 
avoidance of areas with excessive debris, especially in the east area, 
is the presence of potential predators. There is no evidence for this 
being a major factor in the west area, other than the incidental dis­
coveries of the scats of carnivores. However, while checking traps 
during mornings in the east area, I frequently observed the same two 
dogs exploring the environs. This may have been a contributory factor 
in the greater arboreal tendency of the east area mice. Intuitively, 
however, it would seem equally likely that prey would seek areas with 
greater ground refugia in attempts to avoid extreme pressure from 
predators.
Other factors could be responsible for the distribution, and 
pattern of activity and utilization of the habitat, of mice in the study 
area. Humidity, temperature, barometric pressure, edaphic factors and 
other microenvironmental differences could conceivably play a role.
However, investigations of several workers on Peromyscus leucopus indicate 
wide tolerances in this regard (Dice, 1922; Johnson, 1926; Behney,
1936; Hays, 1958).' Stinson and Fisher (1953) found a broad selective 
temperature range (20 - 30° C) for _P. maniculatus bairdii, indicating
63
temperature is probably not a restrictive factor in microhabitat selection 
for Peromyscus. Chenoweth (1917) felt that the rate of evaporation was 
the most important factor in determining the distribution of the white­
footed mouse, but no subsequent studies have indicated this.
Intraspecific competition is the most plausible of the preceding 
possible explanations as to why areas with excessive debris cover and 
refugia are avoided. Sheppe (1966b) stated that wood mice probably 
habitually avoid each other. Population densities in neither sampling 
area were high, there being 0.0276 captures per trap-night in the west and 
0.0238 per trap-night in the east. In Illinois, with traps set in 
lines at 10 yard intervals, Verts (1957) snap-trapped 0.0481 per trap- 
night through the summer and fall, and Krull and Bryant (1972) were able 
to snap-trap 0.026 per trap-night in upland hardwood forest habitat where 
traps were set in lines at intervals of 50 feet, three traps per station. 
Avoidance of areas with abundant refuge sites, due to increased or 
potentially high intraspecific competition in such places, may actually 
be an effective means of regulating population density for the wood mouse.
Another way to avoid competition and predation might be to more 
fully exploit arboreal refugia (Layne, 1970; Meserve, 1977). This may 
be the situation for east area residents. Layne also believed that the 
difference in climbing tendencies of two P. floridanus populations was 
related to the relative accessibility and abundance of acorns in their 
habitats. This could bear a relationship to the present study. Propor­
tionally more east area mice climbed trees upon release, and east area 
mice were associated with large diameter trees. Oaks comprised 30 percent 
of the trees along the east areas transects and only 10 percent along the 
west area transects (Tables 1, 2). It is conceivable that mice in the
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east area were more attracted to trees because of greater arboreal food 
accessibility. There were also proportionally more hickories in the 
east area (though less beeches). The food of wood mice is known to 
consist of a considerable proportion of mast (nut meat) (Whitaker,
1966; Jones, 1969).
The differences between the behaviors and habitat preferences of 
west and east area mice have been discussed above in terms of physical 
and biotic variables. Genetic factors might also account for such 
differences. A dirt access road, and the Boston and Maine Railroad 
tracks and bed, physically separated the two sampling areas, and despite 
their proximity, no mouse trapped in one area was later trapped in the 
other. It is possible that the road and railroad restrict gene exchange 
between what may be two different populations of wood mice. Griffo 
(1961) found that a golf course provided a partial barrier to homing 
of gossypinus (cotton mouse). Homing success of I?, maniculatus 
gambelii in Washington was considerably reduced by the presence of a 
9 to 25 meter wide canal, even though there was a conspicuous bridge 
crossing over it (Furrer, 1973). Savidge (1973) observed that a small 
stream was a barrier to homing of P^. leucopus, and Miller and Getz (1977) 
noted that movement was restricted between upland and swamp habitats of 
leucopus, both of which were contained within a 150 x 390 m plot 
(described in Miller and Getz, 1972), and the populations in the two 
habitats appeared to behave as two separate breeding units. From these 
studies it is evident that Peromyscus is reluctant to cross barriers 
between natural, preferred habitats. If the road and/or railroad in 
my study area prevent extensive gene exchange between mice in the west 
and east sampling areas, these may be perceived as two separate breeding
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populations with the possibility of genetic divergence contributing to 
the observed differences in behaviors and habitat preferences.
From the results of this study and others it is clear that trees, 
logs, rocks, stone fences and rock piles, and, perhaps, other forest 
landmarks are important orientational and short-range navigational 
aids for I\ 1_. noveboracensis. What sensory modalities and object- 
related cues allow this species to utilize these objects for such 
purposes?
The consensus to date has been that P_. leucopus orients chiefly 
by vision (see Introduction), Peromyscus having the best vision of any 
rodent tested thus far (Vestal, 1970, 1973; King and Vestal, 1974).
While orientation chiefly by vision would at first appear to be contra­
dictory for a species which is almost exclusively nocturnal (Osgood,
1909; Johnson, 1926; Getz, 1959b), activity is greatest during late 
afternoon or early evening and early morning hours, just before sunrise 
(Svihla, 1932; Behney, 1936; Hamilton, 1939; Burt, 1940; Sheppe, 1966b).
Activity of Peromyscus would appear to be intimately correlated 
with light intensity. Blair (1951) concluded that the most potent 
factor influencing activity of ]?. polionotus was the amount of illumi­
nation. Bourliere (1956; p. 252) suggested that light intensity at 
ground level was important to a forest rodent, and Pruitt (1959) 
considered moonlight to be the most important factor governing small 
mammal activity on the George Reserve in Michigan. Falls (1968) suggested 
that light was an important timing factor for the activity rhythm of 
Peromyscus.
There are -conflicting conclusions on the light intensity preferences
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of various species of Peromyscus. Most conclusions have been drawn 
on the basis of observations or captures under various sky and moon 
conditions. Greater activity has been observed on cloudy and/or 
moonless nights by a number of investigators (Johnson, 1926; Burt, 1940; 
Provost, 1940; Blair, 1943, 1951; Gentry and Odum, 1957; Hirth, 1959;
Owings and Lockard, 1971). Joslin (1971) concluded, on the basis of 
laboratory studies with trained mice, that 1?. leucopus never oriented 
to the moon. On the other hand, the following have found either no 
relationship between activity of certain peromyscines and sky and/or 
moon conditions (Hays, 1958; Orr, 1959), or enhancement of activity by 
the presence of lunar illumination (Owings and Lockard, 1971; Marten,
1973). My data similarly suggest that moon phase or visibility are 
not factors in capture frequency (activity) of wood mice. Mice cer­
tainly do not refrain from surface activity on moonlit nights, and the 
data combining sky conditions and moon phase suggest a tendency toward 
greater activity during periods of greater illumination. This would 
be logical for an animal which presumably relies on vision a great 
deal and has good visual acuity. The current laboratory study shows that 
_P. L^. noveboracensis can discriminate between two naturally occurring, 
nocturnal light intensities, wild-reared mice preferring the intensity 
offered by a full moon on a clear night in the open (approximately 0.020 
ft.-candle) to a darker one (approximately 0.002 ft.-candle) corresponding 
more to the natural levels found in sheltered spots in a forest on a 
cloudy, but moonlit night. Similarly, Moody (1929) showed that !P. m.
gracilis was able to discriminate between darkness and low light intensities,
■"6 2at least as low as- 1.13 x 10 candle power per cm (roughly 0.013 ft.-
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candle). He found that gracilis chose the more brightly illumined of 
two stimulus areas. Brant and Kavanau (1965), working with the canyon 
mouse, ]?. crinitus, found that darkness was a "mildly aversive stimulus" 
and that dark mazes were avoided. Kavanau (1967, 1968, 1969a, 1969b) 
and Kavanau and Havenhill (1976) found that for P_. maniculatus, P. 
crinitus, ]?. leucopus and ]?. californicus activity was greatest at light 
intensities roughly equivalent to the intensity striking the earth's 
surface on a clear, full moonlit night, with activity being reduced 
during darker periods. The conclusion was that middle to late dusk and 
the early phase of dawn have a great activity-stimulating effect on 
Peromyscus (Kavanau, 1967). In addition, Peromyscus orient to an 
artificial moon and 1) keep "close track" of their position relative 
to the home nest and other refugia, and 2) use celestial objects 
(ex., twilight sun and moon) and landmarks as navigational aids 
(Kavanau, 1969a, 1969b). In experiment 7 of the current study, the 
preference of wild-reared mice for the more brightly illumined habitat 
where the light source was clearly visible suggests that orientation in 
the wild to the moon is a possibility. The different results between 
Experiments 5 and 6, which different only in light intensity, support the 
contention that light intensity is critical to the orientation and 
activity of P. leucopus, especially with regard to the utilization of 
vision and visual cues.
Experiments 1 through 9 were designed to detect visual preferences 
for specific object-related cues with the hope that any demonstrated 
preferences could be extrapolated to preferences observed in the wild. 
Though field results indicated an association between mice and trees of
68
large diameter in the east area, the results of Experiments 1 and 2 
indicate that such an association is probably not based on visual pre­
ference; i.e., overall, larger diameter tubes were not preferred over 
smaller ones. It would appear that any preference for larger diameter 
trees would result from some other or additional sensory input. The 
discrimination between 4 and 8 cm diameter tubes may have been too fine 
for the mice to make, at least visually.
Experiments 3 and 4 indicated no visual preference for taller, 
vertically oriented tubes. Under greater light conditions, wild- 
reared mice visited the habitat with shorter tubes more often than the 
one with taller tubes, and lab-reared mice spent more time in the 
habitat with short tubes during the second half of the trial. It is 
possible that, from the top of the apparatus, they viewed the openings 
in the short tubes as potential refuge sites and were drawn to them 
for this reason. Mice frequently spent considerable time suspended 
from the hardware cloth cover of the apparatus. From this vantage they 
could conceivably view the short, hollow tubes as refugia, much like 
the hollows of tree trunks and stumps which they utilize (Osgood, 1909; 
Jackson, 1961). The tall tubes extended to the top of the cue chamber and 
mice could not perceive their hollowness from the activity chamber to 
which they were restricted. Stronger evidence is needed to substantiate 
this possible explanation of the data.
Upon careful consideration, it is not surprising that tall tubes 
were not visually preferred over short ones. The apparatus contained many 
vertical components (walls, neutral chamber screening, etc.) and mice may 
have perceived their orientation as sufficient in this regard. In addition,
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tall and short tubes contained identical vertical components at what may 
be the critical level, the region just above the substrate. Carthy
(1956) suggested that bank voles (Clethrionomys glareolus) in forests in 
Austria homed by using landmarks close to or on the ground. Sutherland 
(in Joslin, 1971) found that rats visually orient to the shape of the lower 
half of a figure presented to them, and Joslin (1971) observed that the 
wood mouse utilizes visual cues at points up to 45 degrees above ground 
level, but not those at 70 degrees.
Experiments 5 and 6 indicated the importance of light intensity 
in visual orientation of JP. leucopus, and are additionally important 
because they suggest what cues may be of importance in orientation to 
logs and rocks in the wild. At the higher light intensity (Experiment 
6), wild-reared mice showed a visual preference for a box positioned 
horizontally over an identical one positioned so that the vertical 
dimension was greatest. This suggests that wood mice orient to habitats 
with logs, and probably rocks, because of a visual preference for ob­
jects or landmarks with major horizontal components. Further evidence 
that horizontal cues are important is found in the following studies, 
though there are no assertions that vision is responsible for any pre­
ferences. M'Closkey (1975, 1976) has shown that fallen branches, logs 
and horizontal and low-angle branches are extensively utilized by wood 
mice, and that logs and branches are important structural characteristics 
of P^. leucopus habitats. Meserve (1977) found that at low heights 
(less than 56 cm), lower angle (less than 60 degrees), large diameter 
branches were used more frequently by arboreal Reithrodontomys megalotis,
P^. eremicus and califomicus. The results of Experiment 6 perhaps should
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not be interpreted as absolute evidence that wood mice prefer 
horizontal cues or objects over vertical ones. As discussed above, there 
was an abundance of vertical cues associated with the apparatus, and the 
choice of the horizontal box may reflect the situation in the wild where 
there is a primary requirement for vertical cues (trees) and a secondary 
requirement for horizontal ones (logs, rocks, etc.)
I have discussed above the importance of logs and rocks as 
navigational aids, and it is evident from the results of Experiments 5 
and 6 that vision is involved in the orientation to these landmarks under 
certain natural light conditions. These two experiments are important 
in that they implicate vision as a sensory modality in orientation and 
navigation under higher natural light intensities, but suggest that some 
other sense may be required at lower intensities. The results of 
Experiment 13, discussed below, provide more evidence for the use of 
nonvisual sensory modalities in orientation and navigation at low light 
intensities.
The results for wild-reared mice for Experiment 7 have been dis­
cussed earlier in terms of preference for certain light intensities, 
avoidance of darkness, and orientation to sources of illumination. It 
is also possible that the results indicate heavy reliance on vision 
in unfamiliar terrain. Cooke and Terman (1977) have suggested that 
P.. leucopus may use different senses for orientation on familiar and 
unfamiliar territory, with vision likely being used in unfamiliar areas. 
The laboratory apparatus is certainly unfamiliar, and there may be a 
greater feeling of security for the mice in being able to orient visually 
(under higher light intensities) in such environs.
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Olfactory Experiments 10 and 12 show the ability of wood mice to 
orient by olfactory stimuli. In Experiment 10, lab-reared mice showed 
a preference for grass over leaf litter. These mice have never encountered 
either material, and it is not clear whether the results indicate olfactory 
avoidance of leaf litter or preference for grass, although a lab-reared 
male chewed open a receptable containing grass during an aborted trial 
in Experiment 11 and constructed a nest of the material, where he was 
found the next morning. This would suggest an olfactory preference for 
grass as a nesting material. While wild mice presumably encounter 
leaf litter more frequently, they are reported to use grass for their 
nests (Wood, 1910; Hamilton, 1939; Jackson, 1961). This could explain the 
lack of preference by wild-reared mice when given a choice between these 
two materials. In Experiment 12, wild-reared males oriented to marked 
shavings over unmarked shavings, with the opposite true for females, at 
least for a portion of the trial. The results were not conclusive, but 
may relate to territoriality and trail-marking in male Peromyscus which 
are generally reported to exhibit more wanderlust than females (Townsend, 
1935; Blair, 1942; Dice and Howard, 1951; Bendell, 1961; Stickel, 1968; 
Hansen and Fleharty, 1974). In turn, females may be more repelled by 
fouled nest materials. Nicholson (1941) observed that nursing females, 
in particular, changed nests frequently. It is interesting that 12-day 
old and older rats chose shavings from their home range in preference to 
clean wood shavings on the basis of olfactory discrimination (Gregory 
and Pfaff, 1971).
Of special interest are the results of Experiment 13 which 
demonstrate the preference for both wild-reared and lab-reared mice for a
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hickory log over a rock. This preference was effected in total dark­
ness and, thus, does not involve the use of vision or visual cues.
The results of Experiment 14 suggest a minor role in orientation for 
tactile cues received through the feet, though such orientation certainly 
cannot be ruled out on the basis of a single laboratory experiment of 
this type. The logical conclusion is that olfaction was used, at least 
in part, to discriminate between the log and the rock in Experiment 13. 
Experiments 10 and 12 indicate that wood mice can discriminate between 
environmental olfactory cues. Other workers have attested to olfactory 
orientation and the use of olfactory abilities for various rodents.
Bourliere (1956; p. 218-219) has suggested that familiar scents enable 
small rodents to orient. King (1968) suggested that the recognition of 
homes sites and landmarks in the home range are probably aided by olfaction. 
Rats were able to detect the odor from a small quantity of food in a 
discrimination task (Southall and Long, 1969). Vinch and Dunning (1972) 
concluded that hamsters could use all possible senses (other than vision) 
while orienting in the dark, and Drickamer (1972) observed olfactory 
discrimination between several odors for prairie deermice and wood mice. 
Durup, et al. (1973) suggested that vegetation odors carried by the 
wind could possibly be important olfactory cues in orientation of 
Apodemus sylvaticus and Clethrionomys glareolus, whereas Schultz and Tapp 
(1973) concluded that olfactory stimuli could be important for orien­
tation of various small rodents during exploration. When given a choice 
between two odors, spiny mice (Acomys cahirinus) preferred the one to 
which they had previously been exposed (Porter and Etscom, 1974).
Gerbils (Meriones unguiculatus) experienced disorientation while
performing a maze which they had previously learned by marking it with 
sebum, urine and/or saliva (Brosgole, 1976).
While it is logical to implicate olfaction as the major modality 
used to discriminate between the log and rock, taste may have played a 
role. The log was frequently chewed during trials, though never to 
any extent. The possibility remains, however, that taste may have a 
role in orientation and habitat selection, especially in the absence 
of other sensory input.
The roles of all the senses in navigation and orientation to the 
habitat for wood mice have not been adequately examined. However, 
from the current investigation, it is apparent that vision plays a 
significant role. In addition, ]?. L^. noveboracensis is capable of 
olfactory orientation. Previous investigations have examined the relative 
roles of the senses of various small mammals in orientation and naviga­
tion. Carr (1917) contended the solution of mazes by rats relied 
chiefly on tactile-kinesthetic motor coordination, with vision and 
olfaction playing supplementary roles and providing "tonic" effects, and 
Harris (1952) was able to observe artificial habitat selection by prairie 
and woodland deermice, hypothesizing as a possible sensory agent tactile 
stimuli received through the feet and/or tail. Riley and Rosenzweig
(1957) provided evidence that rats produce sounds which enable them to 
orient within a maze. Shillito (1963) examined the roles of the senses 
in the exploratory behavior of Microtus agrestis (short-tailed vole) 
and concluded that olfaction was the most important, supplemented by 
information received through tactile stimulation of the vibrissae.
She further stated' that sight was important for confirming spatial
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cues, hearing was important, and the kinesthetic sense was relied on 
after initial exploration of an area. Barnett (1963) observed movement 
in the rat mediated by thigmotaxis associated with a vertical surface.
The roles of the senses in spatial orientation of the rat were exten­
sively studied by Calhoun (1963). He concluded that the order of domi­
nance of the sensory modalities for such a purpose were: tactile, 
visual, kinesthetic and olfactory. Visual orientation to the shore by 
swimming wood mice was observed by Sheppe (1965b, 1965c). Kavanau (1968) 
indicated that while orientation of Peromyscus was largely by vision, the 
process probably partly depended on other senses and may be largely 
tactile in total darkness. Hamsters apparently can use all possible 
senses in orientation (Vinch and Dunning, 1972). Finally, according to 
King (1974), vision is the primary sensory modality by which deermice 
orient in their environment.
A comparison of three primary sensory apparatuses of Peromyscus 
may reflect the relative roles of these senses in orientation and 
navigation. The eyes are large (King, 1965) and therefore advantageous 
for capturing light (Walls, 1963). There are no cones in the retina, and 
the rods are long, slender, and tightly packed (Moody, 1929) which would 
indicate good visual acuity (Moody, 1929; Walls, 1963). Walls states 
that in comparison to cones, rods are highly sensitive visual cells.
This indicates an eye highly sensitive to low light levels in Peromyscus. 
According to Moody, the eyeball and lens are spherical indicating a wide 
field of vision in which the image is equally good from whatever direction 
an object is viewed (Walls, 1963). King (1965) concludes that species such 
as .P. leucopus with large eyes must depend more on vision than those with 
small eyes.
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Relatively little is known about olfaction in Peromyscus.
Most of what is known is the result of behavior studies (King, 1968).
The olfactory lobes are relatively large, and smell may be assumed to be 
an important sense (Dice, et al., 1963). Adams and McFarland (1971) 
have described a septal olfactory organ which is equipped with olfactory 
cilia and secretory droplets from olfactory glands. Vomeronasal 
glands are also present. While this does not indicate any role for 
olfaction in habitat orientation and navigation, it does argue for an 
acute sense of smell in Peromyscus.
The ears of Peromyscus are large. Dice and Barto (1952) and 
Ralls (1967) have indicated that some Peromyscus can hear ultrasonic 
sounds within the same general frequency as that used by bats for 
echolocation; it is not known whether they can produce sounds over the 
range of frequencies that they can hear.
To summarize, it seems that Peromyscus are equipped with sensory 
apparatuses refined enough to enable them to utilize any one or 
combination of senses for habitat orientation and navigation. While 
tactile and kinesthetic receptors are not discussed above, behavioral 
studies previously alluded to, and my own personal observations, indicate 
that these senses are also well developed in small mammals, including 
peromyscines. It should be kept in mind that the senses probably interact 
to effect habitat orientation and navigation. It remains the role of 
behavioral studies to further elucidate the respective roles of the 
senses in such processes.
On the basis of the current and previous field investigations, 
and the laboratory phase of the current study, the flexibility or
versatility of ]?. leucopus in habitat preference and behavioral responses 
to cues associated with preferred habitats is evident. This flexibility 
is an important explanation for the inability of most investigators to 
obtain quantitative measures of associations between this species and 
various habitat variables. In New Hampshire, Provost (1940) noted 
few correlations of any kind between the presence of 1?. leucopus and 
several environmental factors. M'Closkey (1975) considered I?, leucopus 
to be adaptable in that they used portions of the arboreal environment in 
proportion to their availability. He considered this a key factor in 
the "geographical ubiquity" of this species and the variety of serai 
stages it inhabits. Bowker and Pearson (1975) found that habitat orientation 
of P. leucopus was not clear. There was no association between the 
presence and density of vegetation, and mice seemed to prefer structurally 
heterogeneous areas containing both sparse and dense components. The 
white-footed mouse was found in every one of a number of diverse 
habitats in Illinois sampled by Krull and Bryant (1972), demonstrating 
its habitat versatility. There is a flexibility in food preferences 
of P. leucopus which appears to parallel the flexibility in the variety 
of habitats it occupies (Drickamer, 1972, 1976). Foster (1959) found 
tremendous variability in the behavioral responses of two subspecies 
(bairdii and gracilis) of P^. maniculatus, a species sympatric with 
!P. 1^. noveboracensis over much of the latter1 s range. Peromyscus 
leucopus changed habitats readily in a laboratory study employing 
artificial habitats with simulated environmental cues (Wirtz and Pearson, 
1960); no habitat preference was observed.
Two factors are potentially chiefly responsible for the
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versatility and variability in habitat preference and behavioral 
responses to environmental cues; these are heredity and early experience, 
and their influence on habitat selection has been little studied to date. 
Harris (1952) concluded that habitat selection by Peromyscus was 
basically genetic, although modifiable by experience. Based on experiments 
in field enclosures, Wecker (1963, 1964) concluded that the choice of 
the field habitat by ]?. maniculatus bairdii was primarily determined by 
heredity. Early field experience could reinforce this innate choice 
but could not reverse it, even in stock which had spent 12 to 20 
generations in the laboratory. Apparently, olfactory preferences of 
guinea pigs can be modified by early exposure to various odors (Carter 
and Marr, 1970). There is a critical period during the first week 
during which olfactory imprinting takes place. Yet, early preferences 
can be modified by later olfactory experience. Olsen (1970, 1973) 
observed that previous or early experience is not a factor in shelter- 
site selection of the white-throated woodrat (Neotoma albigula). Joslin 
(1971) concluded that genetic control was the mechanism accounting for 
the visual cue preferences of the wood mouse, with effects by early 
experience seeming unlikely. Porter and Etscorn (1975) determined that 
spiny mice preferred olfactory stimuli first encountered over those 
subsequently encountered, indicating a primacy olfactory imprinting 
effect. This effect, however, is alterable. The conclusion of Klopfer
(1969) for birds and mammals is that habitat preference, being instinctive, 
is plastic and modifiable by experience.
The laboratory results of my study convincingly implicate a 
role for early experience in the sensory cue preferences of ]?. leucopus.
In Experiment 6, wild-reared mice showed a definite visual preference 
for the habitat in which the box was placed horizontally. No preference 
was recorded for lab-reared mice. Likewise, in Experiment 7, wild- 
reared mice preferred the more brightly illumed habitat while 
lab-reared mice showed no preference. On the other hand, lab-reared 
mice demonstrated an olfactory preference for grass over leaf litter 
while wild-reared mice had no preference. These results illustrate 
differences in cue preference presumably due to differences in early 
experience which differed between the two groups.
No visual preferences were made by lab-reared mice. This is 
not surprising in light of the visual void they inhabit; their visual 
world consists merely of opaque walls and a ribbed cage roof (and 
laboratory food pellets, water bottles and the underside of a gray 
metal shelf, all of which they can view through the cage top). Their 
lack of preference for a light intensity (0.020 ft.-candle) which is 
natural for wood mice in the wild is not surprising since they are 
exposed only to very bright and dark conditions, alternately; in fact, 
though the results are not significant, the means for the two habitats 
in Experiment 7 indicate a tendency, if any, for lab-reared mice to 
prefer the darker habitat, certainly consistent in light of their 
continued exposure to dark conditions for part of every 24 hours since 
birth.
What is particularly interesting are the similar preferences of 
wild- and lab-reared mice for the hickory log over the rock. This is 
evidence for an innate response to cues associated with the log.
From Experiment 10. it is evident that wood mice are capable of olfactory
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orientation, and it Is likely that olfactory cues are at least 
partially responsible for the preference of the log in Experiment 13.
It could be that olfactory orientation to the habitat is, in part, 
innate, or genetically controlled, in the wood mouse. Early exposure 
to various olfactory stimuli could alter preferences which might be 
the reason why wild-reared mice showed no preference when exposed to leaf 
litter and grass. It is also possible that early exposure to wood 
shavings in both groups of mice may be at least partly responsible for the 
preference of the log (wood) over the rock.
From the results of these laboratory experiments it appears that 
early experience is at least partially responsible for sensory cue 
preferences and, presumably, habitat selection in P^. leucopus. In 
addition, it seems that, overall, lab-reared mice exhibit less visual 
preferences than wild-reared. Though this may be due to a lack of 
visual stimuli in their environment, particularly early in life, it 
may have a genetic basis as well. Lab-reared mice were not intention­
ally subjected to selection of any type, other than selection against 
waltzers and convulsives, and could comprise a very heterogeneous group. 
Wild-reared mice, on the other hand, may be less heterogeneous because 
of greater common selective pressures operating in the wild to eliminate 
the same disadvantageous traits in individuals. This would contribute 
to a greater homogeneity. Increased heterozygosity could be responsible 
for increased variability of behavioral responses, possibly a contributory 
factor in any lack of preferences for sensory cues by lab-reared mice. 
Kavanau (1967) indicated that heterogeneous stock tends to span a wide 
range of the response spectrum of a species. In any case, differences in
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cue preferences between wild- and lab-reared mice may reflect genetic 
differences as well as differences in early experience.
For wild- or lab-reared mice, a large amount of heterozygosity, 
resulting in an increased versatility of habitat preferences and 
associated behaviors, could provide the opportunity for a greater 
effect by early experience. Beardmore (1970; p. 319 in Ehrman and 
Parsons, 1976) has suggested that 'within a species an association is 
expected between the ecological heterogeneity to which a population is 
exposed and its genetic variability.' Extending Beardmore's argument 
from a population to an entire species, since ]?. leucopus is exposed to 
a variety of microhabitats, as I have discussed above, the expectation 
would be that they are genetically highly variable, at least for a 
locus (loci) associated with habitat selection. The presumed advantage 
to such variability, and the reason why it has been perpetuated, is that 
it enables a species to exploit a wider variety of niches and take 
advantage of ecological opportunities (Andrewartha and Birch, 1954).
What form does this genetic variability take? It is likely that 
habitat selection in P_. leucopus, being such a complex process involving 
so many variables, is a polygenic trait. I suggest this also on the 
basis of the versatility of its expression and the presumed underlying 
degree of heterozygosity required for this versatility and the significant 
effects of early experience. Wecker (1964) also has suggested a polygenic 
control of habitat selection for P^. m. bairdii.
Assuming habitat selection for V_. leucopus is, at least in part, 
under genetic control, was it always so? and if not, how did genetic con­
trol arise? There is no way to unequivocally answer these questions.
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However, there Is some belief that acquired characters can eventually 
become incorporated into the genotype (genetic assimilation). Simpson 
(1963) has described and refined the "Baldwin effect" in which 
characters, individually acquired by members of a group of organisms, 
eventually come under the influence of selection and are reinforced or 
replaced by similar hereditary characters. This would provide a vehicle 
for Lack's (1940) contention that habitat preferences are the result of 
historical accident, resulting from unexpected isolation in a certain 
habitat with the gradual development of a preference for such a habitat 
type. Wecker (1964) has suggested that the further acquisition of a 
number of a certain type of gene, in addition to those which could 
provide a species with the potential to respond positively to a habitat 
type, could make such a behavior innate.
Finally, it is possible that recent experience could be incorporated 
into the process of habitat selection. There has been little discussion 
of this, and the likelihood of such a factor overcoming the effects 
of heredity and early experience seems unlikely. It is more plausible 
that such experience, in most cases, would be a result of exposure to 
habitats preferred on the basis of heredity and early experience. However, 
the possibility of habitat preference alteration by recent experience in 




Peromyscus leucopus noveboracensis utilizes large diameter trees, 
logs (fallen branches, fallen trees and logs), rocks, stone fences and 
rock piles as orientational and navigational landmarks within wooded 
habitats.
Microhabitat preferences and associated behaviors which differ 
between mice in adjacent woodlots may be associated with differences 
in food accessibility, predation pressure, competition, and genetic 
differences between the mice. In the present study there were more 
oaks and hickories within one sampling area than in the other, and 
pressure from terrestrial predators and interspecific competition could 
have been more intense in the first area. Genetic divergence between 
the mice in the two areas could have resulted if restriction of gene 
exchange had occurred due to a reluctance of mice to cross the railroad 
and dirt access road which separated the areas.
In certain circumstances, areas with high concentrations of 
woody stems, logs and rocks were avoided. This may be an effective 
means by which competitive pressures are alleviated, especially those 
related to intraspecific competition.
Vision is important in habitat orientation and navigation, at 
least under higher natural nocturnal light intensities when wood mice 
are most active. When tested in the laboratory, mice reared in the 
wild chose an artificial habitat with a light intensity (0.020 ft.- 
candle) equivalent to that of illumination striking an open field on a 
clear night, with a full moon at zenith, over a habitat with a much 
lower light intensity (0.002 ft.-candle). This may relate to the use
of the moon as an orientational reference, or it may reflect the 
importance of vision, especially in unfamiliar terrain. At high natural 
nocturnal light intensities, in the presence of vertical and horizontal 
cues, wild-reared mice orient visually to horizontal cues. This 
mechanism is responsible in part for their orientation in wooded habitats 
to natural objects, such as rocks, and especially, logs, which have 
major horizontal components.
In the absence of visual cues, or under darker conditions, 
orientation by olfaction is possible. Lab-reared mice prefer the smell 
of grass to that of forest leaf litter. Both wild- and lab-reared mice 
prefer logs over rocks in the absence of visual cues, and it is likely 
that olfaction is at least partly responsible for this preference.
Cue preferences of wood mice are the result of a combination of 
the effects of heredity and early experience. The variability in such 
preferences within both wild- and lab-reared mice, the differences 
between wild- and lab-reared mice in these preferences, and the 
variability in habitat associations of wild mice reflect both substantial 
genetic variability and important effects due to differences in early 
experience.
The present field investigation has indicated a number of wood 
mouse/habitat associations. In addition, the laboratory study has 
indicated profitable areas for more extensive investigation into the 
preferences of the wood mouse for various object-associated stimuli.
The following recommendations may prove valuable to the further study 
of habitat orientation and sensory cue preferences in the wood mouse and 
other small mammals.
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1. The expansion of trapping programs in which traps are deliberately 
associated with various features of the habitat may provide more precise 
information about microhabitat preferences of small mammals.
2. The use of more abstract cues, further dissociated from objects 
with possible conflicting cues, might facilitate the discovery of 
discrete sensory stimuli to which wood mice respond.
3. A reduction in the overall size of the test apparatus, as well as 
in the relative size of the neutral chamber, and the use of materials 
which would further eliminate the possible perception of sensory cues 
within the neutral chamber, might facilitate the recognition of cue 
preferences.
4. Finally, because early experience does appear to have a significant 
role in orientation to the habitat in the wood mouse, an investigation 
of habitat imprinting could lead to the identification of a number of 
object-related stimuli to which mice develop a response. Rearing in 
the presence of various cues may show which cues are important in 
habitat selection and orientation at future stages of the life cycle, 
and may help to determine the critical period for imprinting.






Age, sex and reproductive status of mice from both 
sampling areas. W = west area; E = east area;
G = gravid; L = lactating
Males Females ' Total












38 21 17 55 30
Table A2. Frequencies of closest major landmarks to traps, average distances of closest landmarks 
from traps, and numbers of observed and expected captures at traps where such landmarks 
occurred. Expectation is based on distribution of captures in proportion to the relative 
frequencies of "closest landmarks" to the traps.
West Area East Area
Landmark Tree Rock Log Stump Tree Rock Log Stump
# of traps with 
closest land­
mark as 23 8 16 1 14 7 12 1
Average distance 
of closest land­
mark from trap 53.67 19.00 18.61 - 40.79 15.93 20.58 -
Observed
captures 46 22 29 1 30 3 5 0
Expected
captures (47.5)(16.5)(33.0) - (15.7)(7.85) (13.45)-
2 2 
X = 2.36, df = 2, p > .05 (stumps were not X = 21.33, df = 2, p < '.01 (stumps
included in the analysis) were not included in the analysis)
Table A3. Relationships between the presence or absence of logs and rocks within trap
stations and the presence or absence of mice (based on one or more captures). 























(1) - X2 = 7.90, df = 1, p < .01
(2) - X2 = .34, df = 1, p > .05
(3) - X2 = 3.98, df = 1, p < .05
(4) - X2 = .88, df = 1, p > .05
00
00
Table A4. The number of captures at trap stations with relation to erect tree stem (dead
or alive) frequency. (Expectation is based on captures in proportion to the
relative frequencies of trap stations in each category)
Stem Frequency
> 5 stems < 5 stems
Obs. Exp. Obs. EX£. X2
West area 13 24.5 85 73.5 7.20 (6.58*+)
East area 14 16.76 24 21.26 .81
Total 27 41.26 109 94.74 8.01*
*Significant at p < .05 level
+With Yates' correction for continuity
Table A5. The number of captures at trap stations with relation to tree diameter.
(Expectation is based on captures in proportion to the relative frequencies
of trap stations in each category)
Tree Diameter
_> 20 cm diameter < 20 cm diameter
Obs. Exp. Obs. Exp. x2
West area 54 46.96 44 51.04 2.03
East area 31 14.53 _7 23.47 30.23 (28.42**+)
Total 85 61.49 51 74.51 32.36**
**Significant at p < .01 level
+With Yates' correction for continuity
Table A6. The number of captures at trap stations with relation to tree diameter.
(Expectation is based on captures in proportion to the relative frequencies
of trap stations in each category)
Tree Diameter
> 8 cm diameter < 8 cm diameter *
Obs. Exp. Obs. Exp- x2
West area 80 75.54 18 22.46 1.15
East area 37 29.06 _1 8.94 9.22 (8.10**+)
Total 117 104.60 19 31.40 10.37**
**Significant at p < .01 level
+With Yates' correction for continuity
Table A 7. The number of captures at trap stations with and without log(s) (fallen branches,
fallen trees, logs). (Expectation is based on captures in proportion to the
relative frequencies of trap stations in each category)
With log(s) Without log(s)
Obs. Exp. Obs. Exp. ■ X
West area 89 75.54 9 22.46 10.46 (9.70**+)
East area 28 29.06 10 8.94 .16
Total 117 104.60 19 31.40 Samples show opposite
trends
**Significant at p < .01 level 
+With Yates' correction for continuity
Table A8. The number of captures at trap stations with relation to log (fallen branches,
fallen trees, logs) frequency. (Expectation is based on captures in proportion

















Samples show opposite 
trends
*Significant at p < .05 level
**Signifleant at p < .01 level 
+With Yates' correction for continuity
Table A9. The number of captures at trap stations with relation to rock (or stone fence or
rock pile) frequency. (Expectation is based on captures in proportion to the
relative frequencies of trap stations in each category)
Rock Frequency 
> 3 rocks < 3 rocks
Obs. Exp. Obs. Exp. r
West area 37 26.54 61 71.46. 5.65
East area 25 17.88 13 20.12 5.36
Total 62 44.42 74 91.58 11.01**






The number of captures at trap stations with relation to rock (or stone fence or
rock pile) frequency. (Expectation is based on captures in proportion to the

















Samples show opposite 
trends
**Significant at p < .01 level 
+With Yates1 correction for continuity
Table All.. The number of captures at trap stations with and without stump(s). (Expectation 
is based on captures in proportion to the relative frequencies of trap stations 
in each category)
With stump(s) Without stump (s)
Obs. Exp.-. Obs. Exp. x2
West area 22 24.50 76 73.50 .34
East area _4 7.82 34 30.18 2.35
Total 26 32.32 110 103.68 2.69
Table A12. The number of captures at trap stations with and without a stone fence or rock
pile. (Expectation is based on captures in proportion to the relative frequencies
of trap stations in each category)
With stone fence 
or rock pile
Obs. Exp.
West area 22 10.21
**Signifleant at p < .01 level 
+With Yates' correction for continuity








Frequencies of escapes in which mice encountered various landmarks upon 
release from live-traps.
No landmark @
encountered Tree(s) Log(s) Rock(s) Stump(s) Stone fence Dirt Mound
29 30 22 16
15 12
@ Including rock piles




Frequencies of escapes in which mice ultimately escaped (or disappeared) at or 
in various points of escape.
Burrow Climbed Beneath Stone Rock Beneath Miscellaneous (includes disappearance, 
(hole) tree log fence pile rock dead in trap, nonactive escapes, etc.)
28 11 14 32
20




Sky condition and capture frequency.
Sky condition 







Table AlS. Moon phase and capture frequency. (Expectation is based on captures in proportion 
to the relative frequencies of trap-nights during each moon phase).
Moon Phases
2
New First quarter Full Third quarter X
Observed 18 26 35 19
West Area 4.21, p > .05 (df = 3)
Expected 23.84 19.86 31.78 22.51
Observed 6 6 10 16
East Area 6.44, p > .05 (df = 3)
Expected 10.51 5.66 12.18 9.70
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Table A17. Frequencies of captures recorded under various combinations of sky and moon 






Full Third quarter Total
Clear 7(1) 17(5) 17(6) 10(11) 51(23)
P. cldy. 0(2) 2(0) 3(2) 6(2) 11(6)
Cldy. 0(1) 0(0) 8(2) 0(1) 8(4)
Cldy.
(with rain) 11(2) 7(1) 7(0) 3(2) 28(5)
Total 18(6) 26(6) 35(10) 19(16) 98(38)
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TABLES B: LABORATORY RESULTS
Table Bl. Experiment 1. Mean visit data for alternative, artificial habitats, thick 
versus thin tubes, at 0.005 ft.-candle.
Wild-reared mice Lab-reared mice
(10 trials) (10 trials)
Thick Thin Thick Thin
habitat habitat Mean habitat habitat Mean
Male 24.4 24.2 24.3 46.6 36.0 41.3
Frequency of 
visits Female 33.0 29.4 31.2 31.0 33.8 32.4
Mean 28.7 26.8 27.8 38.8 34.9 36.8
Male 24.03 11.77 17.90 6.73 6.93 6.83
Duration per 
visit (minutes)Female 19.34 8.18 13.76 11.96 13.26
*
12.61
Mean 21.69 9.97 15.83 9.35 10.09 9.72
Male 154.2 138.2 146.2 141.0 128.0 134.5
Total time: 
first half of Female 172.8 103.2 138.0 152.6 160.4 156.5
the trial Mean 163.5 120.7 142.1 146.8 144.2 145.5
(minutes)
Male 262.6 137.2 i99.9 133.8 95.8 114.8
Total time: 
second half of Female 216.2 98.8 157.5 126.2 293.8
*
210.0
the trial Mean 239.4 118.0 178.7 130.0 194.8 162.4
(minutes)
Male 416.8 275.4 346.1 274.8 223.8 249.3
Total time 
(minutes) Female 389.0 202.0 295.5 278.8 454.2 366.5
Mean 402.9 238.7 320.8 276.8 339.0 307.9
* Significant treatment effect (p < .05) for the treatment whose values flank *
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Table B2. Experiment 2. Mean visit data for alternative, artificial habitats, thick 



























Male 23.0 23.2 23.1 39.0 34.2 36.6
Female 22.0 18.0 20.0 29.6 27.8 28.7
Mean 22.5 20.6 21.6 34.3 ;* 31.0 32.6
Male 17.86 24.20 21.03 12.33 11.62 11.97
Female 30.97 20.99 25.98 24.46 30.57 27.51
Mean 24.42 22.60 23.51 18.39 21.09 19.74
Male 125.0 247.8 186.4 133.2 205.0 169.1
Female 178.0 160.0 169.0 169.6 138.4 154.0
Mean 151.5 203.9 177.7 151.4 171.7 161.5
Male 213.8 160.6 187.2 213.6 126.2 169.9
^Female 236.6 154.0 195.3 155.0 220.2 187.6
Mean 225.2 157.3 191.2 184.3 173.2 178.8
Male 338.8 408.4 373.6 346.8 331.2 339.0
Female 414.6 314.0 364.3 324.6 358.6 341.6
Mean 376.7 361.2 369.0 335.7 344.9 340.3
* Significant treatment effect (p < .05) for the treatment whose values flank *
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Table B3. Experiment 3. Mean visit data for alternative, artificial habitats, tall 









Male 20.0 21.8 20.9
Frequency of 
visits Female 40.2 31.8 36.0
Mean 30.1 26.8 28.4
Male 16.80 26.69 21.74
Duration per 
visit
Female 13.52 5.97 9.75
(minutes) Mean 15.16 16.33 15.75








Mean 167.8 140.8 154.3








Mean 125.8 177.3 151.5






Mean 293.6 318.1 305.8
















whose values flank *
Table B4. Experiment 4. Mean visit data for 





Frequency of Male 15.4 17.0 16.2
visits Female 21.8 26.6 24.2
Mean 18.6 * 21.8 20.2
Duration per Male 34.47 17.29 25.88
visit Female 17.67 16.06 16.87
Mean 26.07 16.67 21.37
Total time: Male 208.6 140.0 174.3
first half of Female 124.0 231.8 177.9
the trial
(minutes) Mean 166.3 185.9 176.1
Total time: Male 241.6 105.4 173.5
second half of Female 196.2 151.6 173.9
the trial
(minutes) Mean 218.9 128.5 173.7
Total time Male 450.2 245.4 347.8
(minutes) Female 320.2 383.4 351.8
Mean 385.2 314.4 349.8
*Significant treatment effect (p < .05) for th«
**Significant treatment effect (p < .01) for tl




















treatment whose values flank * 
treatment whose values flank**
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Table B5. Experiment 5. Mean visit data for alternative, artificial habitats, vertical
versus horizontal, at 0.005 ft.-candle.
Wild—reared mice Lab—reared mice










Male 34.2 27.4 30.8 17.2 14.8 16.0*
visits Female 26.0 24.0 25.0 31.8 31.4 31.6
Mean 30.1 25.7 27.9 24.5 23.1 23.8




Female 12.03 13.71 12.87 7.79 8.63 8.21
Mean 11.94 14.11 13.02 13.73 13.40 13.56
Total time:
Male 190.0 184.2 187.1 172.0 114.4 143.2
first half of 
the trial
Female 130.2 138.0 134.1 135.4 143.4 139.4
(minutes) Mean 160.1 161.1 160.1 153.7 128.9 141.3
Total time: Male 189.8 164.0 176.9 143.3 121.6 132.5
second half of 
the trial
Female 93.4 159.8 126.6 87.4 117.6 102.5
(minutes) Mean 141.6 161.9 151.7 115.4 119.6 117.5
Total time Male 379.8 348.2 364.0 315.4 236.0 275.7
(minutes) Female 223.6 297.8 260.7 222.8 261.0 241.9
Mean 301.7 323.0 312.3 269.1 248.5 258.8
* Significant treatment effect (p < .05) for the treatment whose values flank *
y
Table B6. Experiment 6. Mean visit data for alternative, artificial habitats, vertical 
versus horizontal, at 0.020 ft.-candle.
Wild-reared mice Lab-reared mice
(8 trials) (10 trials)
Vertical Horizontal Vertical Horizontal
habitat habitat Mean habitat habitat Mean
Frequency of
Male 17.5 19.5 18.5 34.6 29.4 32.0
visits Female 20.0 18.2 19.1 25.6 24.0 24.8
Mean 18.8 18.9 18.8 30.1 26.7 28.4
Duration per Male 20.56 33.15 26.86 11.62 5.65 8.64
visit Female 10.04 24.18 17.11 10.91 8.28 9.59
(minutes) Mean 15.30 * 28.66 21.98 11.26 6.96 9.11
Total time: Male 123.2 294.0 208.6**
131.8 109.4 120.6
first half of Female 86.5 201.8 144.1 125.6 124.0 124.8
the trial 
(minutes) Mean 104.9 ** 247.9 176.4 128.7 116.7 122.7
Male 128.2 243.5 185.9 200.8 52.6 126.7
Total time: 
second half of
Female 107.5 176.2 141.9 114.4 73.2 93.8
the trial Mean 117.9 209.9 163.9 157.6 62.9 110.2
(minutes)
Male 251.5 537.5 394.5 332.6 162.0 247.3
Total time 
(minutes)
Female 194.0 378.0 286.0 240.0 197.2 218.6
Mean 222.8 ** 457.8 340.2 286.3 179.6 232.9
* Significant treatment effect (p < .05) for the treatment whose values flank *
**Significant treatment effect (p < .01) for the treatment whose values flank**
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Table B7. Experiment 7. Mean visit data for alternative, artificial habitats, cover
versus open, at 0.020 ft.-candle.
Wild-reared mice Lab-reared mice
(6 trials) (10 trials)
Cover Open Cover Open
habitat habitat Mean habitat habitat Mean
Frequency of Male 27.3 37.3 32.3 33.4 28.2 30.8
visits Female 28.0 36.0 32.0 32.6 30.8 31.7
Mean 27.7 36.7 32.3 33.0 29.5 31.2
Duration per Male 5.54 17.25 11.40 28.10 7.01 17.55
visit Female 17.34 23.37 20.35 13.14 14.22 13.68
(minutes) Mean 11.44 20.31 15.88 20.62 10.61 15.62
Total time: Male 106.3 237.3 171.8 213.4 99.8 156.6
first half of Female 102.7 328.3 215.5 164.4 163.6 164.0
the trial 
(minutes) Mean 104.5 **282.8 193.7 188.9 131.7 160.3
Total time: Male 26.3 323.7 175.0 222.4 127.4 174.9
second half of Female 68.3 342.7 205.5 170.6 122.8 146.7
the trial
(minutes) Mean 47.3 **333.2 190.2 196.5 125.1 160.8
Total time Male 132.7 561.0 346.8 435.8 227.2 331.5
(minutes) Female 171.0 671.0 421.0 335.0 286.4 310.7
Mean 151.8 **616.0 383.9 385.4 256.8 321.1
* Significant treatment effect (p < .05) for the treatment whose values flank *
**Significant treatment effect (p < .01) for the treatment whose values flank**
Table B8. Experiment 8. Mean visit data for alternative artificial habitats, 6





"6" "2" "6" ,!2ff
habitat habitat Mean habitat habitat Mean
Frequency of
Male 32.6 29.6 31.1 47.0 38.6
*
42.8
visits Female 26.6 22.0 24.3 18.0 21.0 19.5
Mean 29.6 25.8 27.7 32.5 29.8 31.1
Duration per Male 10.08 11.77 10.93 8.62 7.97 8.29
visit Female 12.71 34.01 23.36 32.39 18.35 25.37
(minutes) Mean 11.40 22.89 17.14 20.50 13.16 16.83
Total time: Male 167.8 184.2 176.0 179.8 140.6 160.2
first half of Female 217.0 188.8 202.9 135.2 200.6 167.9
the trial 
(minutes) Mean 192.4 186.5 189.4 157.5 170.6 164.0
Male 137.4 142.2 139.8 179.4 123.6 151.5
Tnfal U m p :
second half ofFemale 153.8 195.0 174.4 207.4 146.8 177.1
the trial Mean 145.6 168.6 157.1 193.4 135.2 164.3
(minutes)
Male 305.2 326.4 315.8 359.2 264.2 311.7
Total time 
(minutes) Female 370.8 383.8 377.3 342.6 347.4 345.0
Mean 338.0 355.1 346.5 350.9 305.8 328.3
* Significant treatment; effect (p < .05) for the treatments whose values flank *
Table B9. Experiment 9. Mean visit data for alternative, artificial habitats, "much debris"
versus "little debris", at 0.020 ft.-candle.
Wild-reared mice Lab-reared mice











Male 29.2 27.6 28.4 18.2 21.6 19.9
Female 25.0 22.4 23.7 32.0 33.0 32.5
Mean 27.1 25.0 26.0 25.1 27.3 26.2
Duration per 
visit
Male 10.40 11.94 11.17 9.14 14.79 11.97
Female 18.39 8.37 13.38 13.51 11.01 12.26
(minutes) Mean 14.40 10.16 12.28 11.32 12.90 12.11
Total time: 
first half of
Male 145.0 136.6 140.8 90.6 124.0 107.3
Female 90.0 70.8 80.4 170.4 107.4 138.9
the trial 
(minutes Mean 117.5 103.7 110.6 130.5 115.7 123.1
Total time:
Male 153.8 182.6 168.2 81.8 119.0 100.4
second half Female 214.0 97.8 155.9 138.0 173.6 155.8
of the trial Mean 183.9 140.2 162.0 109.9 146.3 128.1(minutes) 
Total time
Male 298.8 319.2 309.0 172.4 243.0 207.7
(minutes) Female 304.0 168.6 236.3 308.4 281.0 294.7
Mean 301.4 243.9 272.6 240.4 262.0 251.2
Table BIO. Experiment 10. Mean visit data fi
versus grass, at 0.005 ft.-candle
Wild-reared mice 
(10 trials)
Leaf litter Grass 
habitat habitat
Frequency of Male 30.6 32.4
visits Female 36.8 40.8
Mean 33.7 36.6
Duration per Male 8.63 10.25
visit Female 12.70 7.56
(minutes) Mean 10.67 8.91
Total time: Male 137.4 155.8
first half of Female 164.4 157.8
the trial 
(minutes) Mean 150.9 156.8
Total time: Male 69.6 106.6
second half Female 195.8 116.2
of the trial 
(minutes) Mean 132.7 111.4
Total time Male 207.0 262.4
(minutes) Female 360.2 274.0
Mean 283.6 268.2
* Significant treatment effect (p < .05) for




Mean habitat habitat Mean
31.5 26.6 28.2 27.4
38.8 33.2 29.0 31.1
35.1 29.9 28.6 29.2
9.44 22.09 28.23 25.16
10.13 13.36 21.50 17.43
9.79 17.73 * 24.87 21.30
146.6 169.6 164.6 167.1
161.1 166.4 147.0 156.7
153.8 168.0 155.8 161.9
88.1 93.6 264.2 178.9
156.0 79.6 206.8 143.2
122.0 86.6 * 235.5 161.0
234.7 263.2 . 428.8 346.0
317.1 246.0 353.8 299.9
275.9 254.6 391.3 322.9
the treatment whose values flank *
Table Bll. Experiment 11. Mean visit data for alternative, artificial habitats, decaying wood











Frequency of Male 17.4 28.6 23.0 26.8 33.0 29.9
visits Female 36.8 51.4 44.1 19.2 18.0 18.6
Mean 27.1 40.0 33.5 23.0 25.5 24.2
Duration per Male 19.03 10.60 14.82 35.71 10.58 23.14
visit
(minutes)
Female 8.25 15.45 11.85 65.03 23.03 4^ . 03
Mean 13.64 13.03 13.33 50.37 16.80 33.59
Total time: Male 162.8 135.6 149.2 164.6 163.8 164.2
first half of 
the trial
Female 165.0 119.4 142.2 199.0 163.2 181.1
(minutes) Mean 163.9 127.5 145.7 181.8 163.5 172.6
Total time: Male 227.6 148.2 187.9 109.6 219.6 164.6
second half 
of the trial
Female 131.0 168.0 149.5 198.6 212.4 205.5
(minutes) Mean 179.3 158.1 168.7 154.1 216.0 185.0
Total time Male 390.4 283.8 337.1 274.2 383.4 328.8
(minutes) Female 296.0 287.4 291.7 397.6 375.6 386.6
Mean 343.2 285.6 314.4 335.9 379.5 357.7
@ Significant treatment 
subjected to a common
effect (p < .05) for the treatment whose values flank @, when 
log transformation (due to heterogeneous variances)
the data
Table B12. Experiment 12. Mean visit data for alternative, artificial habitats, marked versus
unmarked shavings, at 0.005 ft.-candle.
















(10 trials) (10 trials)
Marked Unmarked Marked Unmarked
habitat habitat Mean habitat habitat Mean
Male 26.4 30.4 28.4 25.8 27.2 26.5
Female 27.6 28.8 28.2 17.0 18.8 17.9
Mean 27.0 29.6 28.3 21.4 23.0 22.2
Male 18.24 9.89 14.06 14.12 16.46 15.29
Female 14.95 15.35 15.15 30.66 67.86 49.26
Mean 16.59 12.62 14.61 22.39 42.16 32.37
Male 178.0 134.4 156.2 130.0 203.6 166.8
Female 201.8 132.2 167.0 120.0 251.0 185.5
Mean 189.9 133.3 161.6 125.0 227.3 176.1
Male 278.6 70.0
•I*
174.3 158.0 106.6 132.3
Female 152.4 250.4 201.4 154.0 222.4 188.2
Mean 215.5 160.2 187.8 156.0 164.5 160.2
Male 456.6 204.4 330.5 288.0 310.2 299.1
Female 354.2 382.6 368.4 274.0 473.4 373.7
Mean 405.4 293.5 349.4 281.0 391.8 336.4
treatment effect ✓“S A O Ln S»
/ for the treatments whose values flank *
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Table B13. Experiment 13. Mean visit data for alternative, artificial habitats, log
versus rock, in the dark.
Wild-reared mice Lab-reared mice
(10 trials) (10 trials)
Log Rock Log Rock
habitat habitat Mean habitat habitat Mean
Frequency of Male 28.8 33.0 30.9 36.4 31.0 33.7
visits Female 32.0 15.6 23.8 26.6 27.8 27.2
Mean 30.4 24.3 27.3 31.5 29.4 30.4
Duration per Male 19.20 8.10 13.65 14.61 7.56 11.09
visit Female 15.24 5.95 10.60 14.12 8.52 11.32
(minutes) Mean 17.22 * 7.03 12.12 14.36 * 8.04 11.20
Total time: Male 209.0 115.0 162.0 242.2 101.2 171.7
first half of Female 203.2 39.4 121.3 201.8 125.8 163.8
the trial
(minutes) Mean 206.1 * 77.2 141.6 222.0 * 113.5 167.7
Total time: Male 256.2 79.0 167.6 243.4 94.4 168.9
second half of Female 179.4 77.4 128.4 191.6 96.4 144.0
the trial
(minutes) Mean 217.8 * 78.2 148.0 217.5 95.4 156.4
Total time Male 465.2 194.0 329.6 485.6 195.6 340.6
(minutes) Female 382.6 116.8 249.7 393.4 222.2 307.8
Mean 423.9 * 155.4 289.6 439.5 * 208.9 324.2
* Significant treatment effect (p < .05) for the treatment whose valuesi flank A
Table B14. Experiment 14. Mean visit data for alternative







Male 30.8 36.2 33.5
Female 20.8 21.2 21.0
Mean 25.8 28.7 27.2
Duration per 
visit
Male 12.67 8.15 10.41
Female 24.74 12.45 18.59
(minutes) Mean 18.70 10.30 14.50
Total time: Male 185.4 136.8 161.1
first half of Female 172.4 176.6 174.5
the trial 
(minutes) Mean 178.9 156.7 167.8
Male 149.8 147.6 148.7
Total time: 
second half Female 282.8 73.2 178.0
of the trial Mean 216.3 110.4 163.3
(minutes)
Male 335.2 284.4 309.8
Total time 
(minutes)
Female 455.2 249.8 352.5






















Table B15. Experiment 15. Mean visit data for alternative, artificial habitats, "much"




























Male 18.8 16.6 17.7 28.4 33.6 31.0
Female 14.0 12.8 13.4 27.8
&
26.0 26.9
Mean 16.4 14.7 15.5 28.1 29.8 28.9
Male 20.83 15.94 18.39 4.10 12.91 8.50
Female 26.66 37.16 31.91 23.76 11.07 17.42
Mean 23.75 26.55 25.15 13.93 11.99 12.96
Male 157.2 99.0 128.1 93.6 160.6 127.1
Female 133.2 144.0 138.6 137.4 208.4 172.9
Mean 145.2 121.5 133.3 115.5 184.5 150.0
Male 152.6 156.2 154.4 34.0 & 202.0 118.0
Female 165.0 179.4 172.2 62.0 52.0 57.0
Mean 158.8 167.8 163.3 48.0 127.0 87.5
Male 309.8 255.2 282.5 127.6 362.6 245.1
Female 298.2 323.4 310.8 199.4 260.4 229.9
Mean 304.0 289.3 296.6 163.5 311.5 237.5
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Appendix: Raw Field Data for the West Sampling Area
Station # # # # # Basal tree Basal Total Closest Distance












1 . 3 0 1 3 0 0 367 13.0 Rock 5
2 0 1 0 1 0 4.5 181 0 Tree 145
3 0 2 2 4 0 114.5 855 33.5 Tree 34
4 2 3 0 4 0 42.0 652 0 Tree 19
5 3 2 2 0 0 49.5 0 41.0 Log 3
6 0 2 1 2 0 79.0 154 13.0 Tree 42
7 3 3 0 6 0 97.5 1556 0 Rock 66
8 5 2 3 11 0 52.5 1399 16.1 Rock 15
9 2 5 4 2 0 133.0 170 29.5 Tree 42
10 2 2 0 4 1 77.0 627 0 Tree 11
11 2 2 2 0 0 94.0 0 13.2 Log 53
12 0 5 0 1 0 73.5 204 0 Rock 9
13 2 4 0 0 0 54.0 0 0 Tree 44
14 1 9 1 0 1 232.0 0 18.0 Stump 9
15 3 2 1 0 1 162.5 0 7.0 Tree 66
16 0 6 0 4 0 89.0 436 0 Tree 72
17 0 6 0 2 1 65.0 630 0 Tree 27
18 7 4 2 0 0 116.0 0 19.5 Tree 21
19 0 4 0 2 1 209.0 316 0 Rock 13
20 3 2 1 1 0 124.0 147 6.4 Tree 45
21 0 3 1 1 1 173.0 157 19.0 Tree 49
22 6 6 3 1 0 198.5 82 22.3 Tree 9.5
23 0 2 1 2 0 130.5 278 12.6 Tree 57
24 4 2 1 1* 1 149.0 1289 16.5 Stone fence 12
25 7 3 1 0^ 0 83.0 400 4.0 Tree 25
26 4 1 6 l4 0 78.5 508 33.7 Rock 12
27 1 5 1 0 0 84.0 0 7.0 Log 0
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Appendix: Raw Field Data for the West Sampling Area (cont.)
Station # # # # # Basal tree
# captures stems logs rocks stumps and stump
circumference
(cm)
28 . 2 7 1 , 0 1 182.5
29 6 2 2 1 0 105.0
30 1 1 1 2 1 221.5
31 3 1 1 1* 0 21.0
32 4 1 3 0* 0 129.0
33 1 7 1 1 0 161.0
34 2 4 2 2 1 103.5
35 1 1 1 1 0 52.0
36 0 2 0 0 0 31.5
37 0 7 1 2 0 354.0
38 0 5 1 3 0 226.0
39 1 4 2 0 2 101.0
40 2 2 3 2 0 115.0
41 0 3 4 1 0 177.5
42 1 2 3 2 0 121.0
43 4 3 2 1 0 93.0
44 1 4 2 1 0 147.5
45 0 8 0 1 0 235.0
46 1 2 2 0 0 39.0
47 6 4 3 0 1 125.5
48 2 2 1 0 0 70.0




















































Appendix: Raw Field Data for the East Sampling Area
Station # # # # # Basal tree
# capture stems logs rocks stumps and stump
circumference
(cm)
1 - 5 4 1 6 0 221.5
2 4 7 0 1 0 179.0
3 0 6 2 2 0 92.0
4 0 5 2 2 0 178.0
5 0 0 2 3 1 66.0
11 1 4 1 2 1 100.0
12 1 5 2 1 1 240.0
13 9 4 2 3 0 126.0
14 1 8 1 4 0 190.0
15 1 5 0 0 0 137.0
16 1 1 0 0 0 154.0
17 2 8 2 2 0 133.0
18 0 2 2 13 0 27.0
25 0 1 2 2 0 7.0
26 0 1 3 7 0 44.0
27 0 2 8 5 0 228.0
28 0 1 8 2 0 47.0
29 0 7 3 2 1 191.0
30 0 8 3 6 0 225.5
31 2 4 3 2 2 230.0
32 0 2 0 1 0 40.5
33 0 1 2 2 0 15.0
34 0 1 1 5 1 68.5
35 0 2 4 5 0 96.0
36 0 2 2 7 0 183.0
37 2 2 1 3 0 112.0






























































Appendix: Raw Field Data for the East Sampling Area (cont.)
Station # # # # # Basal Tree Basal Total Closest Distance












39 - 0 6 0 0 0 80.0 0 0 Tree 40
40 0 7 2 6 0 188.0 1573 8.5 Tree 35
41 4 2 0 3 0 86.5 1178 0 Tree 90
45 0 4 0 3 1 315.0 670 0 Rock 23
46 0 6 0 3 0 161.0 1498 0 Rock 70
47 1 5 3 2 0 202.0 238 8.4 Log 1
48 4 5 1 4 0 241.0 594 3.6 Tree 55
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